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Particles Comprising Amphiph ilic Copolymers. Having a 
Crosslinked Shell Domain and an Interior Core Domain. 
Useful for Phar maceutical and Other Applications 

This application claims the benefit of priority of 
U.S. Provisional Application Serial No. 60/020,693, filed 
June 27, 1996. 

Statement Regarding Fe derally Sponsored Research 

This invention was made with Government support under 
Grant No. DMR-9458025 awarded by the National Science 
Foundation. The Government has certain rights in this 
invention. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates tp novel globular 
amphiphilic polymers. More specifically, the present 
0 invention relates to low polydispersi ty particles 

comprising amphiphilic copolymers, having a crosslinked 
shell domain, which can be permeable, and an interior core 
domain. The present invention also relates to methods for 
producing the particles. The invention particles can be 
5 used in a variety of applications, including removal of 
hydrophobic contaminants from aqueous solutions, recording 
materials, hydraulic fluids, coatings, chromatography, 
electrophoresis, drug delivery, catalysis, solvation, fat 
substitutes, delivery of herbicides and pesticides, 
0 combinatorial chemistry, DNA delivery, phase transfer 
reactions, and as fillers and reinforcement agents for 
plastics . 

Description of Related Art 

5 There is an interest in new classes of polymeric 

materials that have new and advanced physical, chemical, 
and mechanical properties. For example, Y.H. Kim reported 
hyperbranched polymers in Advanced Materials , 4, 764 
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(1992) . Macrocycles were described by Y. Gan, et al. in 
Polymer Preparation, 34(1), 69 (1993). Rotaxanes were 
reported by Y.X. Shen, et al . in Macrocycles , 25, 2058 
(1992) . Two dimensional polymeric sheets have also been 
5 described (Stupp, S.I., et al., Science, 259, 59 (1993)). 

Other polymeric materials with new and unusual 
behavior include dendrimers, described by D.A. Tomalia, et 
al. in Angewandte Chemie International Edition English, 

10 29, 13 8 (1990) . A review article on dendrimers is 

Ardoin, N. , et al,, Bulletin de la Societe Chimie, 132(9), 
875 (1995) . Another review of dendrimer research is found 
in Advances in Dendritic Materials , Ed. G.R. Newkome, JAI 
Press, Greenwich, Connecticut, 1994-95, Vol. 1-2. 

15 Products created from these polymers possess unusual 

behavior when compared to traditional linear polymers. 
For example, rigid sphere and micellar dendrimers can 
encapsulate molecules and act as carriers or 
pharmaceutical delivery agents (Jansen, J.F.G.A., et al . , 

20 Advanced Materials, 7(6), 561 (1995). Another example of 
how dendrimers can be used as carriers or pharmaceutical 
delivery agents is described by Hawker, C.J., et al . , 
Journal of the Chemical Society, Perkins Transactions, 1, 
1287 (1983) ) . 

2 5 However, dendrimers are costly, time-consuming to 

synthesize, limited in their chemistry, and limited in 
their size range. 

Block copolymers consisting of segments that possess 
different properties (for example, solubility, polarity, 

3 0 and rigidity) are well known to self -assemble into polymer 

micelles when placed in an appropriate solvent. Examples 
are found in Quin, A., et al . , Macromolecules , 27, 120-26 
(1994); Astafieva, II, et al . , Macromolecules, 26, 7339- 
7352 (1993); and Kataoka, K. et al . , Journal of 
35 Controlled Release, 24, 119-132 (1993) . However, these 
assembled structures are most often held together by 
hydrophobic interactions, which are not as strong as 
covalent bonds, and can be easily destroyed upon dilution 
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of the solution containing polymer micelles, or by shear 
forces. Once the hydrophobic interactions are destroyed, 
the structures disassemble. Also, such structures 
typically have very short life times, for example less 
5 than a second. 

Core-shell type polymer nonoparticles having a cross- 
linked core have been prepared from diblock copolymer 
films (Ishizu, K. , et al., Polymer-Plastics Technology and 
Engineering, 31(7&8), 607 (1992); Saito, R. , et al. , 
10 Polymer, 35, 866 (1994)). Another example of core- 

crosslinked polymer nonoparticles is the stars described 
by Martin, M.K. , et al . , "Anionic Polymerization," Ed. 
J.E. McGrath, ACS Symposium Series 166, American Chemical 
Society, 1981, pp. 557-590. Stars are limited in having 
15 only one polymerizable group per surfactant molecule. 

Other polymer nonoparticles with cross-linked cores have 
been prepared from cross-linkable diblock copolymers (Guo, 
A., et al., Macromolecules , 29, 2487 (1996)). The solid, 
cross-linked cores limit the absorptive properties, 
20 rigidity, and structures of these nanoparticles . 

Until now, attempts to prepare core-shell type 
polymer nanoparticles having a crosslinked shell domain 
and an interior core domain have been unsuccessful. For 
example, D. Cochin, et al . reported in Macromolecules, 26, 
25 5755 (1993) that attempts to prepare shell-crosslinked 
micelles failed when using amphiphilic molecules such as 
N-n-alkyl-N,N-dimethyl-N- (vinylbenzyl ) ammonium chlorides. 



30 



S. Hamid and D. Sherrington reported in a kinetic 
analysis of micellar shell crosslinking, "On the contrary 
these kinetic parameters suggest that rapid exchange of 
polymerizable amphiphiles during the kinetic lifetime of a 
propagating radical should allow the possibility of growth 
to a high polymer (in reacting micelles at the expense of 
35 non-reacting ones), and the formation of particles of much 
bigger dimensions than micelles (i.e., a situation 
analogous to normal emulsion polymerization) . " They 
suggest that "monomer exchange is too rapid to form a 
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^polymerized micelle' . " (Hamid, S. and Sherrington, D., 
"Polymerized Micelles: Fact of Fancy?" Journal of the 
Chemical Society, Chemical Communications, p. 936 (1986).) 

5 L. Zhang, et al . reported in Science, 272, 1777 

(199 6) that morphological changes of micelles prepared in 
aqueous media from highly asymmetric polystyrene-b- 
poly (acrylic acid) can be obtained by the addition of 
calcium chloride, sodium chloride, or hydrochloric acid. 

10 Such morphological changes included clumping or clustering 
or bridging between micelles. The morphologically changed 
micelles are limited in their use because of their 
propensity to clump and because the stability of this 
system is highly dependent on pH and ionic strength. 

15 Presently, there has not been a successful synthesis 

from amphiphilic agents or surfactants of a low 
polydispersity nanoparticle having a permeable, covalently 
crosslinked shell domain and an interior core domain. The 
references discussed above demonstrate continuing efforts 

2 0 to provide such a means of carrying or delivering chemical 
agents such as pharmaceuticals. 



SUMMARY OF THE INVENTION 

The present invention furthers the efforts described 

2 5 above by providing novel low polydispersity particles, 

pharmaceutical, agricultural, and other compositions, and 
methods of use therefor. 

Accordingly, among its various aspects, the present 
invention provides low polydispersity globular 

3 0 macromolecules, particles, or nanoparticles as shown in 

Figure 1, wherein the particles comprise amphiphilic 
copolymers, having a crosslinked shell domain or 
peripheral layer, which can be permeable, and an interior 
core domain. 

35 The particles of the present invention can comprise 

a hydrophilic, crosslinked, permeable shell domain and a 
hydrophobic interior core domain. The amphiphilic 
copolymers of the particles of the present invention can 
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15 



be crosslinked via functional groups within the 
hydrophilic shell domain. Such crossl inking can be 
achieved by condensation reactions, addition reactions, or 
chain polymerization reactions. 
5 In another embodiment of the present invention, the 

particles comprising amphiphilic copolymers, having a 
crosslinked shell domain and an interior core domain, 
comprise a hydrophobic, crosslinked shell domain, which 
can be permeable, and a hydrophilic interior core domain. 
10 The amphiphilic copolymers of these particles can be 

crosslinked via functional groups within the hydrophobic 
shell domain by condensation reactions, addition 
reactions, or chain polymerization reactions. 

In yet another embodiment, the present invention 
provides a composition comprising amphiphilic copolymers, 
haveing a crosslinked shell domain, which can be 
permeable, and an interior core domain. 

in another aspect, the present invention provides a 
pharmaceutical composition, comprising particles 
comprising amphiphilic copolymers having a crosslinked 
shell domain, which can be permeable, and an interior core 
domain, or a pharmaceutical^ acceptable salt thereof, and 
a pharmaceutical ly acceptable carrier, excipient, or 
diluent. The pharmaceutical composition can further 
25 comprise a pharmaceutical^ active agent. The 

pharmaceutical ly active agent can be present within the 
particles . 

In a further aspect, the present invention provides 
an agricultural composition, comprising particles 

30 comprising amphiphilic copolymers, having a crosslinked 

shell domain, which can be permeable, and an interior core 
domain, or an agronomically acceptable salt thereof, and 
an agronomically acceptable carrier, excipient, or 
diluent. The agricultural composition can further 

35 comprise a pesticidally/herbicidally active agent. The 
pesticidally/herbicidally active agent can be contained 
within the particles. 

In yet a further aspect, the present invention also 
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provides compositions suitable for use in foods, 
comprising particles comprising amphiphilic copolymers, 
having a crosslinked shell domain, which can be permeable, 
and an interior core domain, or a salt thereof acceptable 
5 for use in foods, and a carrier, excipient, or diluent 
suitable for use in foods. 

In still a further aspect, the present invention also 
provides a fat substitute composition, comprising 
particles comprising amphiphilic copolymers, having a 

10 crosslinked shell domain, which can be permeable, and an 
interior core domain, or a gastronomically acceptable salt 
thereof, and a gastronomically acceptable carrier, 
excipient, or diluent. Such fat substitute compositions 
can be used in methods for simulating the presence of fat 

15 in food compositions or additives by including such fat 
substitute compositions in food materials. 

The present invention also provides compositions 
suitable for use in cosmetics, comprising particles 
comprising amphiphilic copolymers, having a crosslinked 

2 0 shell domain, which can be permeable, and an interior core 
domain, or a cosmetically salt thereof, and a carrier, 
excipient, or diluent suitable for use in cosmetics. 

In a further aspect, the present invention provides 
compositions suitable for use in chromatography or 

2 5 electrophoresis, comprising particles comprising 

amphiphilic copolymers, having a crosslinked shell domain, 
which can be permeable, and an interior core domain, or a 
chromatographically or electrophoretically acceptable salt 
thereof, and a chromatographically or electrophoretically 

3 0 acceptable carrier, continuous phase, mobile phase, or 

diluent. Such chromatographic or electrophoretic 
compositions can be used in methods for separating 
components of mixtures. These methods can comprise 
introducing a mixture of components to be separated into a 
3 5 column containing particles of the present invention or 
onto a substrate coated with particles of the present 
invention, passing an appropriate solvent through the 
column or over the particle-coated substrate to separate 
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components of the mixture, and recovering or detecting 
separated components of the mixture. In the case of 
electrophoretic separations, an electric potential is 
applied to the column or particle-coated substrate using 
5 conditions which are known in the art. in another 

aspect, the present invention provides a method for 
delivering a nucleic acid molecule to a cell, tissue, or 
organ, comprising contacting the cell, tissue, or organ, 
in vivo or in vitro, with a composition containing a 
10 particle of the present invention and the nucleic acid 
molecule for a period time sufficient to deliver the 
nucleic acid molecule to the cell, tissue, or organ. The 
nucleic acid molecule can, for example, be present on the 
surface of the particle, or within the particle. The 
15 nucleic acid molecule can be DNA or RNA, for example, an 
antisense oligonucleotide, a vector, or any other type of 
nucleic acid molecule commonly employed in genetic 
engineering techniques. in still another aspect, the 

present invention provides a method for separating 
20 components of a solvent mixture, comprising contacting the 
solvent mixture with particles of the present invention 
for a period of time sufficient for one or more of the 
components of the solvent mixture to associate with the 
particles, and separating the particles from the remaining 

2 5 solvent. 

In a further aspect, the present invention provides a 
method of synthesizing a polymer, including biopolymers, 
for example a nucleic acid, peptide, polypeptide, or 
protein, comprising associating or affixing a first 

3 0 monomer to an active site present on the surface of a 

particle of the present invention, and subsequently 
covalently binding successive monomers to the first 
monomer to produce a polymer chain. The polymer can 
remain attached to the particle or can be cleaved from the 
35 particle by methods known in the art. In still a 

further aspect, the present invention provides a method of 
synthesizing a derivative compound, comprising associating 
or affixing a substrate molecule to an active site present 
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on the surface of a particle of the present invention, and 
subsequently performing reactions on the substrate 
molecule to produce the derivative compound. The 
derivative compound can remain attached to the particle or 
5 it can be cleaved from the particle by methods known in 
the art . Such a method can be used to prepare a single 
derivative compound or a mixture of derivative compounds. 

In yet a further aspect, the present invention also 
10 provides a method of delivering a pharmaceutical ly active 
agent to a cell, tissue, or organ, comprising contacting 
the cell, tissue, or organ, in vivo or in vitro, with a 
composition containing an effective amount of particles 
comprising amphiphilic copolymers, having a crosslinked 
15 shell domain, which can be permeable, and an interior core 
domain, and further comprising a pharmaceutically active 
agent. The pharmaceutically active agent can be contained 
within the particles. In these methods, the contact is 
for a period of time sufficient to introduce the 

2 0 pharmaceutically active agent to the locus of the cell, 

tissue, or organ. 

In yet a further aspect, the present invention also 
provides a method of delivering a pesticidally active 
agent to a plant or animal, comprising contacting the 

25 plant or animal with a composition containing an effective 
amount of particles comprising amphiphilic polymers, 
having a crosslinked shell domain, which can be permeable, 
and an interior core domain, and further comprising a 
pesticidally active agent. The pesticidally active agent 

30 can be contained within the particles. In these methods, 
the contact is for a period of time sufficient to 
introduce the pesticidally active agent to the plant or 
animal . 

In yet another aspect, the present invention also 

3 5 provides a method of reducing bile acid uptake in a 

mammal, comprising administering to the mammal a bile acid 
uptake-reducing effective amount of particles comprising 
amphiphilic copolymers, having a crosslinked shell domain, 
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which can be permeable, and an interior core domain, the 
particles being administered for a period of time 
effective to reduce bile acid uptake in the mammal. 

In still another aspect, the present invention also 
5 provides a method of reducing blood serum cholersterol in 
a mammal, comprising administering to the mammal a blood 
serum cholesterol -reducing effective amount of particles 
comprising amphophilic copolymers, having a crosslinked 
shell domain, which can be permeable, and an interior core 
10 domain, the particles being administered for a period of 
time effective to reduce bile acid uptake in the mammal. 

Other uses for the particles of this invention 
include size standards, use in coatings (for example, 
latex paints) , and solvent compatiblizers . 
15 in yet another aspect, the present invention also 

provides processes for the preparation of particles of the 
present invention. 

Further scope of the applicability of the present 
invention will become apparent from the detailed 

2 0 description provided below. However, it should be 

understood that the following detailed description and 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only since 
various changes and modifications within the spirit and 
25 scope of the invention will become apparent from this 
detailed description to those skilled in the art. 

Brief Descrip tion of the Drawing s 

The above and other objects, features, and advantages 

3 0 of the present invention will be better understood from 

the following detailed description taken in conjunction 
with the accompanying drawing, all of which are given by 
way of illustration only, and are not limitative of the 
present invention, in which Figure 1 is a schematic 
3 5 diagram illustrating the anatomy of particles of the 
present invention. 



DETAILE D DESCRIPTION OF THE INVENT 1 TOM 



9 



WO 97/49387 



PCT/US97/11345 



The following detailed description is provided to aid 
those skilled in the art in practicing the present 
invention. Even so, this detailed description should not 
be construed to unduly limit the present invention as 
5 modifications and variations in the embodiments discussed 
herein can be made by those of ordinary skill in the art 
without departing from the spirit or scope of the present 
inventive discovery . 

The contents of each of the references cited herein, 
10 including the contents of the references cited within 
these primary references, are herein incorporated by 
reference in their entirety. 

Definitions 

15 In order to help the reader understand the following 

detailed description, the following definitions are 
provided: 

"Alkyl", "alkenyl," and "alkynyl" unless otherwise 
noted are each straight chain or branched chain 

20 hydrocarbons of from one to twenty carbons for alkyl or 
two to twenty carbons for alkenyl and alkynyl in the 
present invention and therefore mean, for example, methyl, 
ethyl, propyl, butyl, pentyl or hexyl and ethenyl, 
propenyl, butenyl, pentenyl, or hexenyl and ethynyl, 

25 propynyl, butynyl , pentynyl , or hexynyl respectively and 
isomers thereof. 

"Aryl" means a fully unsaturated mono- or multi-ring 
carbocycle, including, but not limited to, substituted or 
unsubstituted phenyl, naphthyl , or anthracenyl. 

3 0 "Heterocycle" means a saturated or unsaturated mono- 

or multi-ring carbocycle wherein one or more carbon atoms 
can be replaced by N, S, P, or 0. 

The term "heteroaryl " means an aromatically 
unsaturated heterocycle. 

35 !n either tt heterocycle w or "heteroaryl , " the point of 

attachment to the molecule of interest can be at the 
heteroatom or elsewhere within the ring. 

The term "quaternary heterocycle" means a heterocycle 
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in which one or more of the heteroatoms, for example, 0, 
N, S, or P, has such a number of bonds that it is 
positively charged. The point of attachment of the 
quaternary heterocycle to the molecule of interest can be 
5 at a heteroatom or elsewhere. 

The term "quaternary heteroaryl" means a heteroaryl 
in which one or more of the heteroatoms, for example, 0, 
N, S, or P, has such a number of bonds that it is 
positively charged. The point of attachment of the 
.0 quaternary heteroaryl to the molecule of interest can be 
at a heteroatom or elsewhere. 

The term "halogen" means a fluoro, chloro, bromo or 
iodo group. 

The term "haloalkyl" means alkyl substituted with one 
5 or more halogens . 

The term "cycloalkyl" means a mono- or multi-ringed 
carbocycle wherein each ring contains three to ten carbon 
atoms, and wherein any ring can contain one or more double 
or triple bonds. 

The term "diyl" means a diradical moiety wherein said 
moiety has two points of attachment to molecules of 
interest . 

The term "oxo" means a doubly bonded oxygen. 
The term "polyalkyl" means a branched or straight 
hydrocarbon chain having a molecular weight up to about 
20,000, more preferably up to about 10,000, most 
preferably up to about 5,000. 

The term "polyether" means a polyalkyl wherein one or 
more carbons are replaced by oxygen, wherein the polyether 
has a molecular weight up to about 20,000, more preferably 
up to about 10,000, most preferably up to about 5,000. 

The term "polyalkoxy" means a polymer of alkylene 
oxides, wherein the polyalkoxy has a molecular weight up 
to about 100,000, more preferably up to about 50,000, most 
preferably up to about 10,000. 

The term "alkylammoniumalkyl" means a NH 2 group or a 
mono-, di- or tri-substituted amino group, any of which is 
bonded to an alkyl wherein said alkyl is bonded to the 
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molecule of interest. 

When used in combination, for example "alkylaryl " or 
"arylalkyl , " the individual terms listed above have the 
meaning indicated above . 
5 The term * shell domain" means the outermost domain or 

peripheral layer of a particle of the present invention. 
When produced in a hydrophilic continuous medium, the 
peripheral layer of the micelles giving rise to such 
particles (and the peripheral layer of the particles 

10 themselves) is substantially hydrophilic; when produced in 
a hydrophobic continuous medium, the peripheral layer of 
the micelles giving rise to such particles (and the 
peripheral layer of the particles themselves) is 
substantially hydrophobic. 

15 The term "interior core domain" means the domain of a 

micelle or particle interior to the shell domain. 

The term "amphiphilic copolymer" means a copolymer 
which contains at least one hydrophilic domain and at 
least one hydrophobic domain. 

20 The term "block copolymer" means a linear polymer 

having regions or blocks along its backbone chain which 
are characterized by similar hydrophilici ty , 
hydrophobicity, or chemistry. The term "diblock 
copolymer" means a block copolymer comprising two blocks. 

25 The term "triblock copolymer" means a block copolymer 

comprising three blocks. The term "multiblock copolymer" 
means a block copolymer comprising a plurality of blocks. 

The term "graft copolymer" means a linear or 
30 multilinear polymer to which a plurality of side chains 
have been grafted. 

The term "hydrophilic/ lipophilic balance" means the 
ratio of the sum of the formula weights of the hydrophilic 
regions of a copolymer divided by the sum of the formula 
35 weights of the hydrophobic regions of the copolymer. 

The term "titrimetric crosslinking reagent" means a 
crosslinking reagent comprising two or more reactive 
functional groups, each functional group being capable of 
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reacting with a functionality on an amphophilic copolymer. 

The term "swollen state" means the state of a 
particle after it has been swollen by solvent. This can 
5 include any state of swelling up to the maximum dimensions 
for that particle. The maximum dimensions for a given 
particle depend, of course, on the solvent employed. 

The term "unswollen state" means the state of a 
particle after solvent has been removed. 

10 The term "aspect ratio" means the ratio of the length 

of a micelle divided by its width or diameter, as 
applicable. The term "degree of cross linking" means the 

percent of crosslinking actually accomplished relative to 
the maximum crosslinking possible. 

15 The term "aggregation number" means the average 

number of amphiphilic copolymer molecules per micelle or 
particle. 

The term "glass transition temperature" means the 
temperature at which a polymer changes from a glassy, hard 
20 state to a flexible state. 

The term "intramicellarly" means within a micelle. 
The term " intermicellarly" means between micelles. 
The term "micelle" includes without limitation 
micelles having shapes of spheres, cylinders, discs, 

2 5 needles, cones, vesicles, globules, rods, elipsoids, and 

any other shape that a micelle can assume under the 
conditions described herein, or any other shape that can 
be adopted through aggregation of the amphiphilic 
copolymers . 

3 0 The term "particle" includes, but is not limited to, 

nanoparticles. The shape of the particles can include 
without limitation spheres, cylinders, discs, needles, 
cones, vesicles, globules, rods, elipsoids, and any other 
shape that a micelle can assume under the conditions 
3 5 described herein, or any other shape that can be adopted 
through aggregation of the amphiphilic copolymers. 

The term "nanoparticle" means a particle, the largest 
dimension of which is less than one micron. 
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The term "monomer" means a molecule which is capable 
of combining with a number of like or unlike molecules to 
form a polymer. 

The term "pericyclic reaction" means cycloaddition 
5 reactions, electrocyclic reactions, sigmatropic reactions, 
cheleotropic reactions, and group transfer reactions. 

The term "pharmaceutically active agent' 7 means any 
physiologically or pharmacologically active substance that 
produces a local or systemic effect in animals, including 

10 warm-blooded mammals, humans, and primates; avians; 

household, sport, and farm animals; laboratory animals; 
fishes; reptiles; and zoo animals. 

The terms "homogeneous" and "heterogeneous" as they 
are used herein are each used in two different contexts. 

15 With respect to the amphiphilic copolymer blocks per se, 
the term "homogeneous" pertains to an amphiphilic 
copolymer block having a uniform composition or structure. 
In this context, the term "heterogeneous" pertains to an 
amphiphilic copolymer block having a nonuniform 

20 composition or structure. With respect to domains of the 
particles per se, the term "homogeneous" pertains to a 
domain having a uniform composition or structure. In this 
context, the term "heterogeneous" pertains to a domain 
having a nonuniform composition or structure. 

25 The term "mean particle diameter" means the average 

value of the various diameters of regularly or irregularly 
shaped particles. 

The term "permeable" pertains to the property of a 
domain whereby selected atoms or molecules can pass 

30 through the domain. 

The term "pesticidally active agent" means any agent 
that destroys pests. Such agents can include, without 
limitation, herbicides, insecticides, fungicides, 
nematocides, acaricides, bactericides, biocides, 

35 rodenticides, and the like. 



Particles of the Invention 
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The particles of the present invention comprise 
amphiphilic copolymers, and have a crosslinked shell 
domain, which can be permeable, and an interior core 
domain. Such particles can comprise a hydrophilic, 
5 crosslinked, permeable shell domain and a hydrophobic 
interior core domain. The amphiphilic copolymers of the 
particles can be crosslinked via functional groups within 
the hydrophilic shell domain, for example by condensation 
reactions, addition reactions, or chain polymerization 
10 reactions. 

In another embodiment of the present invention, the 
hydrophobic interior core domain of the particles can also 
be crosslinked via functional groups in their hydrophobic 
domains . 

15 In another embodiment of the present invention, the 

particles comprising amphiphilic copolymers having a 
crosslinked shell domain and an interior core domain can 
comprise a hydrophobic, crosslinked shell domain, which 
can be permeable, and a hydrophilic interior core domain. 
2 0 The amphiphilic copolymers of such particles can be 

crosslinked via functional groups within the hydrophobic 
shell domain, for example by condensation reactions, 
addition reactions, or chain polymerization reactions. In 
another embodiment of the present invention, the 
2 5 hydrophilic interior core domain of such particles can 
also be crosslinked. In this case, the amphiphilic 
copolymers can be crosslinked via functional groups in 
their hydrophilic domains. 

In yet another embodiment, the particles of the 
present invention comprise aliphatic copolymers, 
comprising an outermost crosslinked domain, which can be 
permeable, a series of additional crosslinked (permeable) 
domains, and a domain interior to each of the crosslinked 
(permeable) domains, producing an "onion-like" structure. 



30 



35 



Amphiphilic Copolymers 

Amphiphilic copolymers useful in the present 
invention can be selected from amphiphilic diblock 
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copolymers, amphiphilic triblock copolymers, amphophilic 
multiblock copolymers, and amphiphilic graft copolymers. 

The hydrophilic blocks of the amphiphilic diblock, 
5 triblock, or multiblock copolymers can have formula 

weights in the range from about 1,000 to about 500,000, 
preferably from about 2,500 to about 250,000, more 
preferably from about 5,000 to about 100,000. The 
hydrophobic blocks of the amphiphilic diblock, triblock, 
10 or multiblock copolymers useful in the present invention 
can have formula weights in the range of from about 1,000 
to about 500,000, preferably from about 2,500 to about 
250,000, more preferably from about 5,00 0 to about 
100, 000. 

15 Amphiphilic graft copolymers useful in the present 

invention possess rotatable side chain block regions that 
can rotate or fold to become part of the crosslinked shell 
domain or the interior core domain of the particles of the 
present invention. The number of side chains present in 

2 0 each of the amphiphilic graft copolymers can be in the 
range of from about 10 to about 1,000, preferably from 
about 25 to about 750, more preferably from about 50 to 
about 25 0. 

The formula weights of the various blocks in the 

2 5 amphiphilic copolymers can be varied independently of each 

other . 

Hydrophilic Monomers and Polymers 

Examples of monomer repeat units that can be used in 

3 0 the preparation of hydrophilic blocks are listed in Table 

1. 
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Table 1. Monomers Units Useful as Repeat Units in 

Hydrophilic Blocks 



*4"Ch 2 -ch|- 


-f-CH 2 -CH-j- 


-(-CH 2 -CH-j- 


c=o 

OH 


c=o 

6" M* 


c=o 

NR 2 


Poiyacrylic acid 


Poly(metal acrylate) 
M = Li, Na, K, Cs 


Polyacrylamide 
R = H, alkyl 


CH 3 

4-CH 2 -C-|- 
1 


CH 3 
-[-CH 2 — C— ]- 


CH 3 
-|"CH 2 -C— }- 


c=o 

OH 

Poly(methacrylic acid) 


c=o 

Poly(mctal methacrylate) 
M = Li, Na, K, Cs 


c=o 

NR 2 

Polymethacrylamide 
R = H, alkyl 


^-CH 2 -CHf 


-|-CH 2 ~CHf 

C 6 H 4 SO a M + 




C 6 H 4 S0 3 H 




Polystyrene sulfonic acid 


Polystyrene sulfonic acid, metal salt 




M = Li, Na, K, Cs 




-f-CH 2 -CHf 


-|-CH 2 -CH-J- 




C 6 H 4 COOH 


C 6 H 4 COO" NT 




Polystyrene carboxyiic acid 


Polystyrene carboxyiic acid, metal sail 




M = Li, Na, K, Cs 




-[-CH 2 -CHf 
OH 


-4-CH 2 — CH-j- 




Poly( vinyl alcohol) 


6 




-|-CH 2 — ChJ- 


R X 


R = H, alkyl 


Poly(4-vinyl-N-aikyllpyridinium halide) 


R = H, alkyl 


Percent quaternization 10% to 70% 


Poly(2-vinyl-N-alkyllpyridinium halide) 
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CH3 

-fcHz-c4 

1 

c=o 

1 

0 
1 

CH2CH20H 


0 

CI-fe-C-OH 

c=o 

OH 


Poly(hydroxyethyl methacrylate) 


Poly(itaconic acid) 


r 1 
-HCHjj-CH-f 

<) 




U 

R 2 X" 


<> 

\ X 

R3 R2 


Poly(N,N,N-trialkyl- 
4-vinylphenylammonium halide) 


Poly(N,N,N-trialkyl- 

h- vi n yi Denzy 1 ainn rjui urn naiiQC ) 


-fcHb-CH-)- 


Percent quaternization 10% to 70% 


R2 x" 






Poly(N,KN-trialkyl- 
4-vinylphenethyIammonium halide) 
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C4> 

i 

I 

Chfe 

I 

Lysine 



O 

ii 



-NH — CH— C C 

i 

Chfe 



OH 



Aspartic acid 



Chf-OH 

i 

CH, 
Threonine 



Cli 

i 

CH 

i 

Chfe 

i 

NH 



=NH 



Arginine 



Chfe 

i 

Chfe 



OH 
Gutarric acid 



CHfe 



Amino acids wWch mala* up hydrophilic block O 

NH — CH— C ( 



Chi 

i 

OH 
Serine 





Histidtne 



19 



WO 97/49387 



PCT/US97/11345 



A monomer repeat unit which is particularly useful in 
the hydrophilic blocks of the present invention is a 4- 
vinyl-N- (methyl (4 ' -styrenyl ) pyridinium salt and has the 
formula (X) : 



wherein X is a pharmaceutically or agronomically 
acceptable anion. 

Another class of monomer repeat unit which is 
particularly useful in the hydrophilic blocks of the 
20 present invention includes acrylic acids, their salts, and 
esters and amides thereof. 

Examples of polymers that can be used as hydrophilic 
blocks are listed in Table 2. One skilled in the art, of 
course, will after reading this disclosure recognize that 
25 reactive functionalities can be substituted into any of 
the hydrophilic blocks useful in this invention. 




(D 
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Table 2. Polymers Useful as Hydrophilic Blocks 

Poly (sodium 1-carboxylatoethylene) 

Poly ( 5 -hydroxy- 1 -pent ene ) 

5 , 8-poly-5 , 7-dodecadiynediol 
5 10, 13-poly-10, 12-heptacosadiynoic acid 

2 , 5-poly-2 , 4-hexadienedioic acid 

2 , 5-poly-2 , 4-hexadienoic acid 

(6-amino) -2 , 5-poly-2 , 4-hexadienoic acid 

( 6-amino) 2 , 5-poly-2 , 4-hexadienoic acid, hydrochloride 
10 2 , 5-poly-2 , 4-hexadiynediol 

10, 13-poly-10, 12-nonacosadiynoic acid 

2 , 5-poly-2 , 4 , 6-octatriynediol 

10 , 13-poly-10 , 12-pentacosadiynoic acid 

2 , 5-poly-5-phenyl-2 , 4-pentadienoic acid 
15 Poly (2-aminoisobutyric acid), dichloroacetic acid complex 

Poly ( L-arginine ) 

Poly ( L-arginine , hydrochloride ) 

Poly (L-nitroarginine) 

Poly (L-aspartic acid) 
20 Poly (beta-benzyl-L-aspartic acid) 

Poly [beta- (p-chloro-benyl ) -L-aspartic acid] 

Poly (beta-ethyl-L-aspartic acid) 

Poly [beta- ( 2 -phenyl- ethyl ) -L-aspartic acid] 

Poly (alpha-isobutyl-L-aspartic acid) 
25 Poly (beta-N-propyl-L-aspartic acid) 

Poly (2 , 4-diaminobutyric acid) 

Poly (N-benzyloxycarbonyl-2 , 4-diarainobutyric acid) 

Poly (D-glutamic acid) 

Poly (gamma-benzyl -D-glutamic acid) 
30 Poly (gamma-m-chloro-benzyl-D-glutamic acid) 

Poly (gamma-o-chloro-benzyl-D-glutamic acid) 

Poly (gamma-p-chloro-benzyl-D-glutamic acid) 

Poly (gamma -methyl -D-glutamic . acid) 

Poly (gamma-phthalimidomethyl -L-glutamic acid) 
35 Poly (L-glutamic acid) 

Poly (gamma-N-arnyl-L-glutamic acid) 

Poly (gamma-benzyl -L-glutamic acid) 

Poly (gamma-m-chloro-benzyl-L-glutamic acid) 

Poly (gamma-o-chloro-benzyl-L-glutamic acid) 
40 Poly (gamma-p-chloro-benzyl-L-glutamic acid) 

Poly (gamma-N-butyl-L-glutamic acid) 

Poly (gamma-N-dodecyl-L-glutamic acid) 

Poly (gamma-N-ethyl -L-glutamic acid) 

Poly [gamma-N- (2-chloro-ethyl) -L-glutamic acid] 
45 Poly [gamma-N- ( 2 -phenyl -ethyl ) -L-glutamic acid] 

Poly (gamma-N-hexyl -L-glutamic acid) 

Poly (gamma-methyl -L-glutamic acid) 

Poly (gamma-methyl-L-glutamic acid), dimethyl phthalate 
complex 

50 Poly (gamma-N-octyl-L-glutamic acid) 
Poly ( gamma -N-propyl -L-glutamic acid) 
Poly [gamma-N- (3 -phenyl -propyl) -L-glutamic acid] 
Poly ( L-glutamine ) 

Poly [N5- (4-hydroxybutyl) -L-glutamine] 
55 Poly[N5-{2-hydroxyethyl) -L-glutamine] 
Poly[N5- (3-hydroxypropyl) -L-glutamine] 
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Poly 
Poly 
Poly 
Poly 
5 Poly 
Poly 
Poly 
Poly 
Poly 

10 Poly 
Poly 
Poly 
Poly 
Poly 

15 Poly 
Poly 
Poly 
Poly 
Poly 

20 Poly 
Poly 
Poly 
Poly 
Poly 

25 Poly 
Poly 
Poly 
Poly 
Poly 

30 Poly 
Poly 
Poly 
Poly 
Poly 

35 Poly 
Poly 
Poly 
Poly 
Poly 

40 Poly 
Poly 
Poly 
Poly 
Poly 

45 Poly 



Poly 
50 Poly 
Poly 
Poly 
Poly 
Poly 
55 Poly 
Poly 
Poly 



D-glutamyl-L-glutamic acid) 

gamma -benzyl -D-glutamyl-L-glutamic acid) 

gamma- ethyl -D-glutamyl-L-glutamic acid) 

gamma- ( 2 -phenyl -ethyl ) -D-glutamyl-L-glutamic acid] 

L-histidine) 

1 -benzyl -L-histidine) 

L-histidine) , hydrochloride 

gamma-hydroxy-L-alpha-aminoveleric acid) 

L-lysine) 

E-benzyloxycarbonyl -L-lysine) 
L- lysine) , hydrobromide 
L-methionine-s-carboxymethylthetin) 
L-methionine-s-methylsulf onium bromide) 
L-serine) 

gamma-hydroxy-L-proline) 
hy dr oxyme t hy 1 ene ) 

1- hydroxytrimethylene) 

3 , 3-bishydroxymethyltrimethylene oxide) 
3-hydroxytrimethylene oxide) 
vinyl alcohol) 
ethylene glycol) 

2 - methyl -vinyl alcohol ) 
hydroxymethylene ) 
cinnamic acid) 
crotonic acid) 

3- bromo acrylic acid) 
3 -ethyl acrylic acid) 
N-acetyl-alpha-amino acrylic acid) 
alpha-bromoacrylic acid) 
alpha-chloroacrylic acid) 

alpha- fluoroacry lie acid) 

sodium alpha-chloroacrylate) 

3 -oxa- 5 -hydroxypentyl methacrylate ) 

2-hydroxyethyl acrylate) 

2-hydroxypropyl acrylate) 

beta-chloro-2-hydroxypropyl acrylate) 

N- (2-hydroxyethyl) -3 , 6-dichlorocarbazolyl acrylate] 

N- (2-hydroxyethyl ) carbazolyl acrylate) 

acryloyl-beta-hydroxyethyl-3 , 5-dini trobenzoat ) 

methacryloyl-beta-hydroxyethyl-3 , 5-dimitrobenzoat ) 

N- (2-hydroxyethyl) carbazolyl methacrylate) 

2-hydroxyethyl methacrylate) 

2- hydroxypropyl methacrylate) 

3 - me thoxy- 2-hydroxypropyl methacrylate) 
1- (2-hydroxyethyl)pyridiniumbenzene sulfonate 



methacrylate] 
Poly 



1 - ( 2 -hydroxyethyl ) trimethylamoniumbenzene sul f onate 



methacrylate] 



N- (2 -hydroxyethyl )phthalimido methacrylate] 
N- (hydroxyethyl) carbazolyl methacrylate) 
N-ethyl-3-hydroxymethylcarbazolyl methacrylate) 
2-sulfonic acid-ethyl methacrylate) 
2-trimethylammonium ethyl methacrylate chloride) 
2-trimethylammoniummethyl methacrylate chloride) 
methacrylonitrile) 
thiolacrylic acid) 
acrylonitrile) 
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30 



Poly { acrylamide ) 
Poly (methacrylamide) 
Poly (N, N-dimethylacrylamide ) 
Poly[ (N-methylol ) acrylamide] 
5 Poly [N-methoxymethyl methacrylamide) 
Poly (N-methyl methacrylamide) % 
Poly ( N-2 -methoxyethyl methacrylamide ) 
Poly [N- ( 2 -hydroxypropyl ) methacrylamide ] 
m ^°^!2- met hylpropanesulfonate sodium 2-acrylamido) 
10 Poly<2-methylpropanesulfonic acid 2-acrylamido) 
Poly[ (p-amino) -styrene] 
Poly [4- (4-hydroxybutoxymethyl) styrene] 
Poly [4- ( 2 -hydroxyethoxymethyl) styrene] 
Poly [4 - ( 2 -hydroxyirninoethyl) styrene] 
15 Poly [4- (1-hydroxyiminoethyl) styrene] 
Poly [4- ( n-2 -hydr oxybutyl) styrene] 
1° } y ! f " I } "^roxy- 3 -dimethyl aminopropyl ) styrene ] 
Poly [ 4 - ( 1 -hydroxy- 1 -methylbuty 1 ) styrene ] 
on S°J y !!"^ 'hydroxy- 1 -methylethy 1 ) s tyrene ] 
2 0 Poly [4- ( 1 -hydroxy- 1 -me thylhexyl) styrene] 
Poly [ 4 - ( 1 -hydroxy- 1 -methylpentyl ) s tyrene ] 
Poly [ 4 - { 1 -hydroxy- 1 -me thylpropy 1 ) styrene ] 
Po 1 y ( 2 - hy dr oxyme t hy 1 s t y r ene ) 
Pol y ( 3 - hydr oxyme thy 1 s tyrene ) 
2 5 Poly (4 -hydr oxymethyls tyrene) 
Poly (4 -hydroxy styrene) 
Poly [p-1- (2-hydroxybutyl) -styrene] 
Poly[p-l- (2 -hydroxypropyl) -styrene] 
Polytp-2- {2 -hydroxypropyl) -styrene] 
Poly [4- (1 -hydroxy- 3 -morpholinopropyl) styrene] 
Poly [4- (1 -hydroxy- 3 -piper idinopropyl) styrene] 
Poly (p-octyl amine sulfonate styrene) 
Poly ( 2 -carboxys tyrene ) 
Poly ( 4 -carboxys tyrene ) 
35 Poly (styrene sulfonic acid) 
Poly (vinyl sulfonic acid) 
Poly [N- (2 -hydroxypropyl ) methacrylamide] 
Poly [oxy (hydroxyphosphinylidene) ] 
Poly ( 9 -vinyladenine ) 
40 Poly (vinyl carbanilate) 
Poly (vinylpyrrolidone) 
Poly (vinyl succinamic acid) 
Poly (N-isopropylacrylamide) 
Poly (methacrylic acid) 
45 Poly (itaconic acid) 

Poly (glycidyl methyl itaconate) 
Poly (monomethyl itaconate) 
Poly [N- (p-chlorophenyl) itaconimide] 
Poly [N- (p-tolyl ) itaconimide] 
50 Poly [N- (2-chloroethyl) itaconimide] 
Poly [ N- ( 4 -ace t oxypheny 1 ) itaconimide] 
Poly[N- (4-chlorophenyl) itaconimide] 
Poly [ N- ( 4 - e t hoxycarbonylphenyl ) i t aconimi de ] 
Poly (N-benzylitaconimide) 
55 Poly (N-butylitaconimide) 
Poly (N-ethylitaconimide ) 
Poly (N-isopropylitaconimide) 
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Poly (N-isobutyli taconimide) 
Poly (N-methyli taconimide) 
Poly (N-naphthyli taconimide ) 
Poly ( N-phenyli taconimide ) 
5 Poly (N-propylitaconimide) 
Poly (N-tolylitaconimide) 
Poly (alpha-chlorovinyl acetic acid) 
Poly ( carboxychloromethyl ethylene ) 
Poly (4 -vinyl phenol) 
10 Poly (o-hydroxy-vinylphenylket one) 

Poly (alpha-phenylvinyl phosphonic acid) 
Poly[ (1,2, 5-trimethyl-4, 41- 

hydroxypyridiumchlorideethynyl) ethylene] 

Poly(allyl alcohol) 
15 Poly(acrylic acid) 

Poly [ 2 - { 3 - s odium sul f onat o - 2 -methy lpropy 1 ) me thacryl amide ] 

Poly (3 -sodium sulf onatopropyl methacrylate ) 

Poly (3-oxa-5-hydroxypentyl methacrylate) 

Poly (diethylenegycol dimethacrylate) 
20 Poly (trimethyleneglycol dimethacrylate) 

Poly ( triethyleneglycol dimethacrylate) 

Poly (ethyl eneglycol N-phenylcarbamate methacrylate) 

Poly ( acryloyl -L-glutamic acid) 

Poly (methacryloyl -L-glutamic acid) 
25 Poly (butadiene-l-carboxylic acid) 

Poly (crotonate acid) 

Poly (trans-4-ethoxy-2 , 4-pentadienoic acid) 
Poly (alpha-phenylvinyl phosphonic acid) 
Poly (vinylbenzoic acid) 
30 Poly (2-acryloyloxy benzoic acid) 

Polyfl- (2-hydroxyethylthio) -1, 3-butadiene] 
Poly (2 , 5-dicarboxylic acid -1-hexene) 
Poly (3-hydroxyisoprene) 

Poly (alpha-phenylvinyl phosphonic acid) 

35 Poly (2-chloro-3-hydroxy propene) 
Poly ( 2 -p-vinylphenylpropanol ) 
Poly ( o-hydroxy-vinylphenylketone ) 
Poly (1- vinyl -3 -benzyl -imidazolium chloride) 
Poly ( 4 -vinylbenzyl trimethylammonium chloride ) 

40 Poly (4-vinylbenzyldimethyl vinylbenzyl ammonium chloride) 
Poly (4-vinylbenzyldimethyl methacryloyl ammonium chloride) 
Poly (4-vinylbenzyldimethyl acryloyl ammonium chloride) 
Poly (4-vinylbenzyldimethyl allyl ammonium chloride) 
Poly (4 -vinylphenyl trimethylammonium chloride) 

45 Poly (4 -vinylphenyl dimethyl vinylbenzyl ammonium chloride) 
Poly (4 -vinylphenyl dimethyl methacryloyl ammonium 
chloride) 

Poly (4 -vinylphenyl dimethyl acryloyl ammonium chloride) 
Poly (4 -vinylphenyl dimethyl allyl ammonium chloride) 
50 Poly (4 -vinylphenethyl trimethylammonium chloride) 

Poly (4-vinylphenethyldimethyl vinylbenzyl ammonium 
chloride) 

Poly (4-vinylphenethyldimethyl methacryloyl ammonium 
chloride) 

55 Poly (4-vinylphenethyldimethyl acryloyl ammonium chloride) 
Poly (4-vmylphenethyldimethyl allyl ammonium chloride) 
Poly (vinyl acetate) 
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Poly (vinyl butyral) 

Poly (acetaldehyde) 

Poly (propylene oxide) 

Poly ( 2 -chloromethyl-propylene oxide ) 
5 Poly (ethylene oxide) 

Poly ( 2 -cyanoethyloxymethylene oxide ) 

Poly[ (methoxymethyl) ethylene oxide] 

Poly (methylene sulfide) 

Poly (ethylene disulfide) 
10 Poly (ethylene sulfide) 

Poly (ethylene tetrasulf ide) 

Poly (methylene disulfide) 

Poly(trimethylene disulfide) 

Poly (ethylene amine) 
15 Poly (propylene amine) 

Poly ( 4 -vinyl -N-methylpyridinium chloride ) 

Poly ( 4 -vmyl-N-e thylpyridinium chloride ) 

Poly[4-(2- 

™ fi^thylandnoethoxycarbonyl) styrene] , hydrochloride 
20 Poly ( 4 -vmylpyridine ), hydrogen chloride 

Poly (4 -vinyl -N-vinylbenzylpyridinium chloride) 
Poly 4 -vinyl -N-methacry loylpyridinium chloride ) 
Poly ( 4 -vinyl -N-acryloylpyr idinium chloride ) 
Poly (4 -vinyl -N-allylpyridinium chloride) 
25 Poly (2 -vinyl -N-methylpyridinium chloride) 
Poly ( 2 -vinyl -N-ethylpyridinium chloride ) 
Poly ( 2 -vinyl -N-vinylbenzylpyridinium chloride ) 
Poly 2 -vinyl -N-methacryloylpyr idinium chloride) 
™ P°J-y( 2 -vinyl -N-acryloylpyr idinium chloride) 
3 0 Poly (2 -vinyl -N-allylpyridinium chloride) 
Poly(2-vmylpyridine) , hydrogen chloride 
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Hydrophobic Monomers and Polymers 

The hydrophobic blocks of the amphiphilic diblock, 
triblock, or multiblock copolymers useful in the present 
invention can have formula weights in the range of from 
5 about 1,000 to about 500,000, preferably from about 2,500 
to about 2 50,0 00, more preferably from about 5,000 to 
about 10 0,000. 

Examples of monomer repeat units that can be used in 
the preparation of hydrophobic blocks are listed in Table 
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Table 3. Monomers Units Useful as Repeat Units in 



Hydrophobic Repeat Units 



polybutadiene 
1 ,4-addition 



polybutadiene 
1 5 2-addition 



polyisoprene 



CI 

polychloroprene 



-M -M W *W 

I CN CI 



polyethylene 



-ff ^ ^ 



polypropylene polyacrylonitrile 



polyvinylchloride 



L F I J 
CF 3 



polyvinylidenechloride polyvinylfluoride polyvinylidenefluoride polyhexafluoropropene 



polypropyleneoxide polypropyleneoxtde 




polytetrafluoroethan< 



poiy(N-vinylcarbazol) 



polyslloxane 
R = CH 3f alkyl or aryl group 
R' = CH 3l alkyl or aryl group 



R' 



COOR 

polyacrylates 
R' = CH 3l any alkyl or aryl group 
R = CH 3l CH 2 CH 3 , f-Butyl, any alkyl or aryl group 

— CH 2 — CH— CH 2 (glycidyl) 
O 



Hydrophobic Blocks 



5 
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Amino acids which make up hydophobic block 



NH CH — C O— 



0 

— NH CH — C O— 



NH CH — C O — 



Hydrop|1dbic Repeat ijftits 

CH3 _ _ / CH v 



Chfe 




CH 

V CH3 CH3 



-O — 



Poly(caprolacta^i) 



I 

R 



R = H, CHa, alkyl, or anyl grou 



T 

NH— CH— C 0-p 0|y(amidsH _ CH _£ 0 _ . 



Inaphthalene) 




Chfe 



CH3 
Methionine 



poly(cc-methylstyrene) 

poly(p-X-styrene) 
X = alkyl, CH,, t-Bu, OCBj, CH 2 CI, CI, CN, CHO 



CH 2 — O— CH 2 



~LJ, 



alkenyl, alkynyl 



Proline 





poly(4-vinylpyridine) poly(2-vinylpyridine) 
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Examples of polymers that can be used as hydrophobic 
blocks are listed in Table 4. One skilled in the art, of 
course, will after reading this disclosure recognize that 
reactive functionalities can be substituted into any of 
5 the hydrophobic blocks useful in thisinvention . 
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Table 4. Polymers Useful as Hydrophobic Blocks 

Poly [thio{2-chlorotrimethylene) thiotrimethylene] 
Poly [ thio { 1 -iodiethylene) thio ( 5-bromo-3 - 
5 chloropentamethylene ) 

Poly [imino <l-oxoethylene) silylenetrimethylene] 

Poly (oxyiminomethylenehydrazomethylene) 

Poly [oxy<l, 1-dichloroethylene) imino ( 1-oxoethylene) ] 

10 Poly[ ( dimethyl imino) ethyl enebromide] 
Poly [ (oxycarbonyloxymethyl ) ethylene] 
Poly ( 1 , 1-dimethylethylene) 
Poly ( 1 -methyl - 1 -bu t enylene ) 

, c 1°} Y \ \ 2 TP^Py 1 - 1 ' 3 -dioxane-4 , 6 -diyl ) methylene ] 
15 Poly [1- (methoxycarbonyl) ethylene] 
Poly (glycyl-6-aminocarproic acid) 

Poly(glycyl-6-aminocarproic acid-3 -amino-propionic acid) 

Poly (L-alanyl-4-ammobutyric acid) 

Poly (L-alanyl-6-aminocaproic acid) 
20 Poly (L-alanyl-3-arninopropionic acid) 

Poly (L-alanyl-5-aminovaleric acid) 

Poly (2-aminocyclopentylenecarboxy acid) 

Poly (2-aminoethylenesulfonic acid) 

Poly (3-aminopropionic acid) 
25 Poly (1 -methyl -3-aminopropionic acid) 

Poly [ (3-aminocyclobutylene) -propionic acid] 

^°^ y [i 2 7 2 T dlI P eth y 1 " 3 ^ amin ocyclobutylene) -propionic acidl 
Poly (2-ammoisobutyric acid) 
Poly (3-aminobutyric acid) 
30 Poly (4-aminobutyric acid) 
Poly (5-aminovaleric acid) 
Poly (6-aminocaproic acid) 

Poly (D- (-) -3-methyl-6-aminocaproic acid) 

Poly ( 6 -methyl- 6-aminocaproic acid) 
3 5 Poly ( 6-aminothiocaproic acid) 

Poly (7-aminoenanthic acid) 

Poly( (R) -3 -methyl- 7-aminoenanthic acid) 

Poly( (S) -4-methyl-7-aminoenanthic acid) 

Poly( (R) -5-methyl -7-aminoenanthic acid) 
40 Poly { (R) -6 -methyl -7-aminoenanthic acid) 

Poly (N-methyl- 7-aminoenanthic acid) 

Poly (7-aminothioenanthic acid) 

Poly {8-aminocaprylic acid) 

Poly {9-aminopelargonic acid) 
45 Poly (10-aminocapric acid) 

Poly (11-aminoundecanoic acid) 

Poly (N-allyl -11-aminoundecanoic acid) 

Poly (N-ethyl -11-aminoundecanoic acid) 

Poly ( 2 -methyl - 1 1 -aminoundecanoic acid ) 
50 Poly (N-methyl-ll-aminoundecanoic acid) 

Poly (N-phenyl-ll-aminoundecanoic acid) 

Poly (N-piperazinyl-ll-aminoundecanoic acid) 
Poly (12-aminolauric acid) 
Poly (aminof ormic acid) 
55 Poly (N-butyl-aminof ormic acid) 

Poly ( 2 -methyl -N-butyl-aminof ormic acid) 
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Poly 
Poly 
Poly 
Poly 
5 Poly 
Poly 
Poly 
Poly 
Poly 

10 Poly 
Poly 
Poly 
Poly 
Poly 

15 Poly 
Poly 
Poly 
Poly 
Poly 

20 Poly 
Poly 
Poly 
Poly 
Poly 

2 5 Poly 

Poly 
Poly 
Poly 
Poly 

3 0 Poly 

Poly 
Poly 
Poly 
Poly 

3 5 Poly 
Poly 
Poly 
Poly 
Poly 

40 Poly 
Poly 
Poly 
Poly 
Poly 

45 Poly 
Poly 
Poly 
Poly 
Poly 

50 Poly 
Poly 
Poly 
Poly 



N-phenyl-aminof ormic acid) 

imino- ( l-oxo-2 , 3 -dimethyl trimethylene) ] 

imino- ( l-oxo-3-ethyltrimethylene) ] 

imino- ( l-oxo-4-methylhexamethylene) ] 

imino- ( l-oxo-3-methylhexamethylene) ] 

imino- ( l-oxo-5-methylhexamethylene) ] 

imino- ( l-oxo-3-methyl-6-isopropylhexamethylene) ] 

imino- ( 1-oxo- 3 -methyl trimethylene) ] 

imino- ( l-oxo-3-vinyltrimethylene) ] 

N- (2-methylbutyl ) iminocarbonyl ] 

N- (phenylpropyl) iminocarbonyl] 

N-methyldodecane lactam) 

L-alanine) 

beta-L-alanine) 

N-methyl-L-alanine) 

L-phenylalanine ) 

2 -butyl -2 -methyl -beta-alanine ) 

2. 2- dimethyl-beta-alanine ) 

3. 3- dimethyl-beta-alanine ) 
2-ethyl-2 -methyl -beta-alanine) 

2 - methyl -2 -propyl -beta- alanine) 
N-isopropyl -beta-alanine) 

3 - methyl -beta-alanine ) 
N-methyl -beta-alanine) 
N-phenyl -beta-alanine) 
mathacryloyl -D-alanine ) 
M-methacryloyl -L-alanine) 
L-cysteine) 
L-glycine) 

L-leucine) 
isoleucine) 

N-trif luoroacetal-L- lysine) 
N- carbobenz oxy-L - lys ine ) 
methionine) 
L- tyrosine) 

o-acetal-hydroxyproline) 

o-acetal-L-serine) 

alpha-amino-n-butyric acid) 

s -carbobenz oxyme thy 1 -L-cysteine) 

3 . 4- dihydro-L-proline) 
o-p-tolylsulf onyloxy-L-proline) 

gamma-hydroxy-o-acetyl-L-alpha-aminoveleric acid) 

L-valine) 

L-proline) 

L-proline) , acid complex 
L-proline) , acetic acid complex 
L-proline) , formic acid complex 
L-proline) , propionic acid complex 
o-acetyl-hydroxy-L-proline) 
o-acetyl-L- serine) 
o-benzyloxycarbonyl-L- tyros ine) 
s-benzyloxycarbonyl -L-cysteine) 
s-benzylthio-L-cysteine) 



55 



Poly (methylphosphinidene- trimethylene) 
Polymalonate 
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Polysuccinate 
Polyglutarate 
Polyadipate 

5 Poly (methylene) 

Poly { diphenylmethylene ) 
Poly (di-p-tolyl -methylene) 
Poly (ethylene) 

Poly (chlorotrifluoroethylene) 
1 0 Poly ( 1 -butoxy-2 -methyl -ethyl ene ) 
Poly ( 1 -t-butoxy-2 -methyl-ethylene ) 
Poly (l-ethoxy-2-methoxy-ethylene) 
Poly ( l-ethoxy-2-methyl-ethylene) 
Poly (l-isobutoxy-2 -methyl-ethylene) 
1 5 Poly ( 1 - i sopropoxy- 2 -methyl-ethylene ) 
Poly ( 1 -methoxy-2 -methyl-ethylene ) 
Poly ( 1 -methyl-2 -propoxy-ethylene ) 
Poly ( tetraf luoroethylene) 
Poly (trif luoroethylene) 

2 0 Poly (butylethylene ) 

Poly ( t-butylethylene) 
Po 1 y ( cy c 1 ohexy 1 e t hy 1 ene ) 
Poly ( 2 - eye lohexyl ethyl ene ) 
Poly [ ( eye 1 ohexy Ime thy 1 ) ethylene ] 
25 Poly ( 3 -cyclohexylpropylethylene) 
Poly (decyl ethylene) 
Poly ( dodecylethylene ) 
Poly (isobutyl ethylene) 
Poly (neopentylethylene) 

3 0 Poly ( 4 , 4 -dimethy lpentyl ethylene ) 

Poly (nonylethylene) 
Poly (octylethyl ene) 
Poly (propylethylene) 
Poly ( propyl - 2 -propyl ene ) 

3 5 Poly ( tetradecylethylene ) 

Poly (vinyl bromide) 
Poly(N-vinyl carbazole) 
Poly (vinyl chloride) 
poly (vinyl fluoride) 
40 Poly (vinylidene bromide) 
Poly (vinylidene chloride) 
Poly (vinylidene fluoride) 
Poly (vinyl cyclobutane) 
Poly (vinylcycloheptane) 

4 5 Po 1 y ( vi ny 1 eye 1 ohexane ) 

Poly (o-methoxy-vinylcyclohexane) 
Poly (3 -methyl -vinylcyclohexane) 
Poly ( 4 -methyl -vinyl eye lohexane ) 
Poly (vinyl cyclohexene) 
50 Poly (vinylcyclohexylketone) 
Poly ( vinylcyclopentane) 

Poly [3- (2 -vinyl) -6 -methyl pyridazinone] 
Poly 3- (2-vinyl) -6-methyl-4, 5-pyridazinone] 
Poly (cyclopentylmethylethylene) 
55 Poly (heptylethylene) 

Poly (hexyldecylethylene) 
Poly (hexyl ethyl ene) 
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cyclohexylethylene ) 

cyclopentylethylene) 

cyclopropylethylene) 

isopentylethylene) 

isopropylethylene) 

3 . 3- dimethylbutylethylene) 
isohexyl ethylene) 

1 , 1-dimethylethylene) 
benzyl ethylene) 
N-carbazoylyl ethylene) 
f errocenylethylene ) 
indazol -2 -yl ethylene) 

dimethyl amino (ethoxy) phosphinylethylene] 
dimethylamino (phenoxy) phosphinylethylene] 

4 . 4 - dimethyl -oxazolonyl ethylene) 

4 , 4 -dimethyl -oxazolonyl -2 -propylene) 

( 2 -methyl- 5 -pyr idyl ) ethylene) 

(2 -methyl -6 -pyr idyl ) ethylene] 

2 , 4 -dimethyl -1 , 3 , 5-triazinylethylene) 

1- naphthylethylene) 

2 - naphthylethylene ) 
phenethylethylene ) 
phene thy lme thy 1 ethylene ) 
phenyl acetylene ) 
diphenylphosphinyle thylene ) 
phenyl vinylene ) 

phthal imi doe thylene ) 

2- pyridylethylene) 

4- pyridylethylene) 
N-pyrrolidinylethy lene ) 
m-tolylmethyl ethylene) 

0- tolylmethyl ethylene) 
p-tolylmethylethylene) 
vinyl trimethylgermanium) 
vinylcyclopropane ) 

N - vi ny 1 d i pheny 1 amine ) 

1 - vi ny 1 ene - 3 - eye 1 open t y 1 ene ) 

0- hydroxy-vinylphenylketone ) 

3 - vinyl pyrene) 

2 - vinylpyr idine ) 

4 - vinylpyr idine ) 

2 -vinyl - 5 -methylpyr idine ) 
2 -vinyl -5-ethylpyr idine ) 

1- cyano-2-phenylvlnylene) 
vinyl 3-trimethylsilylbenzoat ) 
vinyl furan) 

vinylindole) 

2 - vinyl tetrahydro furan ) 
N-vinylphthal imide ) 

1 -vinyl imi daz lo ) 

1 -vinyl -2 -methyl imidazole) 

5 - vinyl - 2 -me thylpyr idine ) 

1 - vinylnaphthalene ) 

2 - vinylnaphthalene ) 

5- vinyl-2-picoline) 

3 - vinylpyrene ) 

2 -vinylpyr idine ) 
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Poly ( 4 -vinylpyridine ) 
Poly ( 2 -me thy 1 - 5 - vinylpyr i dine ) 
Poly (N~vinyl carbazole) 
Poly (1-vinyl naphthalene) 
5 Poly{styryl pyridine) 

Poly(N-vinyl succinimide) 
Poly ( 1 , 3 -divinyl -imidazol id-2 -one ) 
Poly (l-ethyl-3-vinyl-imidazolid-2-one) 
Poly(p-vinyl benzophenone) 
10 Poly (vinyl N, N-diethyl -carbamate) 
Poly (vinyl cymantrene) 

Poly[vinyl-tris ( trimethoxysiloxy ) silane] 

Poly (alpha-chlorovinyl triethoxysilane) 

Poly (p-vinylbenzylethylcarbinol ) 
15 Poly (p-vinylbenzylmethylcarbinol ) 

Poly (divinylaniline) 

Poly (vinylf errocene) 

Poly ( 9-vinylanthracene) 

Poly (vinylmercaptobenzimidazole) 
20 Poly (vinylmercaptobenzoxazole) 

Poly (vinylmercaptobenzothiazole) 

Poly (p- vinyl benzophenone) 

Poly (2-vinyl guinoline) 

Poly (vinylidene cyanide) 
25 Poly (1, 2 , 5-trimethyl-vinylethylnyl-4-piperidinol ) 

Poly ( 2-vinyl-l , 1-dichlorocyclopropane ) 

Poly (2-vinyl-2-methyl-4, 4, 6, 6-tetraphenylcyclotrisiloxane) 

Poly (N- vinyl -N-methylacetamide ) 

Poly ( triethoxysilyl ethylene) 
3 0 Poly { trimethoxysilyl ethylene) 

Poly (1-acetoxy-l-cyanoethylene) 

Poly (1,1 -dichloroethylene ) 

Poly ( 1 , 1 -dichloro-2 - f luoroethylene ) 

Poly ( 1 , l-dichloro-2 , 2 -dif luoroethylene) 
35 Poly (1, 2-dichloro-l, 2 -dif luoroethylene) 

Poly [ (pentaf luoroethyl) ethylene] 

Poly ( tetradecaf luoropentylethylene ) 

Poly (hexaf luoropropylene) 

Poly (2 , 3,3,3 -tetraf luoropropylene) 
40 Poly (3 , 3 , 3 -trif luoropropylene) 

Poly [ (heptaf luoropropyl) ethylene] 

Poly (2-iodoethylethylene) 

Poly (9-iodononylethylene) 

Poly ( 3 -iodopropylethylene ) 
45 Poly [ (2-acetoxybenzoyloxy) ethylene] 

Poly (4-acetoxybenzoyloxyethylene) 

Poly [ (l-acetylindazol-3-ylcarbonyloxy) ethylene] 

Poly ( 4 -benzoylbutyryloxyethylene ) 

Poly ( 3 -br omobenzoy 1 oxye thy 1 ene ) 
50 Poly ( 4 -bromobenzoyl oxye thyl ene ) 

Poly [ (t-butoxycarbonyl amino) ethylene] 

Poly(4-t-but y lben z oy 1 oxye t hy 1 en e ) 

Poly ( 4 -butyryloxybenzoyloxyethylene ) 

Poly ( 2 -chlorobenzoyloxyethylene ) 
55 Poly (3-chlorobenzoyloxyethylene) 

Poly ( 4 -chlorobenz oy 1 oxye thy lene ) 

Poly (cyclohexanoyloxyethylene) 
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cyclohexylacetoxyethylene) 
4-cyclohexylbutyryloxyethylene ) 
cyclopentanoyloxyethylene) 
cyclopentylacetoxyethylene) 
4-ethoxybenzoyloxyethylene) 
4 -ethylbenzoyl oxye thylene) 

(2-ethyl-2 , 3 , 3-trimethylbutyryloxy ) ethylene] 
trif luoroacetoxyethylene) 
heptaf luorobutylryloxyethylene ) 
(undecaf luorodecanoyloxy ) ethylene] 
( nonadeca f luor odec anoy 1 oxy ) e t hy 1 ene ] 
( undecaf luor ohexanoy 1 oxy ) ethyl ene ] 
(pentadecaf luorooctanyloxy) ethylene] 
(pentaf luoropropionyloxy) ethylene] 
(heptaf luoroisopropoxy) ethylene] 
f ormyloxyethylene ) 
isonicotinoyloxyethylene) 
4 - i sopropylbenzoyloxye thylene ) 

(2-isopropyl-2 , 3 -dimethylbutyryloxy) ethylene] 
(2-methoxybenzoyloxy) ethylene] 
( 3 -methoxybenzoyloxy ) ethylene ] 
(4 -methoxybenzoyloxy) ethylene] 
( 2 -methylbenzoyloxy ) ethylene ] 
( 3 -methylbenzoyloxy ) ethyl ene ] 
( 4 -me thy lbenzoy 1 oxy ) e thy 1 ene ] 
( 1 -me thy Icy cl ohexanoy 1 oxy ) ethylene] 
3 , 3 -dimethyl -3 -phenylpropionyloxyethylnene) 
{ 3 - trimethylsilylbenzoyloxy ) ethylene ] 
(4-trimethylsilylbenzoyloxy) ethylene) 
(2 , 2-dimethylvaleryloxy) ethylene] 
(2,2,3, 3-tetramethylvaleryloxy) ethylene] 
(2,2,3, 4-tetramethylvaleryloxy) ethylene] 
(2,2,4, 4-tetramethylvaleryloxy) ethylene] 
nicotinoyloxyethylene ) 
nitratoethylene) 
(3 -nitrobenzoyloxy ) ethylene] 
(4-nitrobenzoyioxy ) ethylene] 
( 4 -phenylbenzoyl oxy ) ethyl ene ] 
pivaloyloxye thylene) 
(4-propionyloxybenzoyloxy) ethylene] 
prop i ony 1 oxye t hy 1 ene ) 
(4-p-toluoylbutyryloxy) ethylene] 
(1,2 -diethoxycarbonyl ) ethylene ] 
(1,2 -dimethoxycarbonyl ) ethylene ] 
(1,2 -dipropoxycarbonyl ) ethylene ] 

2-bromotetraf luoroethyliminotetrafuoroethylene) 

(biphenyl-4-yl) -ethylene] 

2 -chloroethoxyethylene ) 

hexadecyl oxye thylene ) 

isobutoxyethylene) 

1 - methoxycarbonyl - 1 -pheny le thy 1 ene ) 
9 -acrydinyl e thy 1 ene ) 
4-methoxybenzylethylene) 

(3 , 6-dibromocarbazoyl ) ethylene] 

dime thylpentylsilylethyl ene) 

3, 5-dimethylpyrozoylylethylene) 

2 - di f erroceny 1 - f ury 1 -methyl ene ) 
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Poly ( ethoxyoxaloyloxymethyl ethylene ) 
Poly (9-ethyl-3-carbazoyl ethylene) 
Poly ( f luorenylethylene) 
Poly ( imidazoethylene ) 
5 Poly[ (8-methoxycarbonyloctyl) ethylene] 
Poly (l-methoxy-4-naphthyl ethylene) 
Poly ( 2 -methyl - 5 -pyridyl ethylene ) 
Poly ( pr opoxyoxa 1 oy 1 oxyme t hyl ethyl ene ) 
Poly ( 1 , l-diphenyl~2-vinylcyclopropane) 
10 Po ly < p - an t hry Ipheny 1 e thy 1 ene ) 

Poly [1- (N-ethyl-N- (1,4,7,10, 13 -pentaoxacyclc 
carbamoyl ) ethylene] 

Poly (N-carbazolylcarbonyl ethylene) 
Poly (morpholinocarbonyl ethylene) 

15 Poly (piperidinocarbonyl ethylene) 
Poly (N-benztriazolylethylene) 
Poly [6- (N-carbazoyl)hexyl ethylene] 
Poly (2 , 4-dimethyl-6-triazinylethylene) 
Poly (diphenylthiophosphinylideneethylene) 

20 Poly (2-methyl-5-pyridylethylene) 
Poly (N-thiopyrrolidonylethyl ene) 
Poly (N-l , 2 , 4-triazolylethylene) 
Poly (phenothiazinyl ethylene) 
Poly (L-menthyloxycarbonylaminoethylene) 

25 Poly (N-3-methyl-2-pyrrolidone ethylene) 
Poly ( p- vinyl -1,1 -dipheny 1 ethylene ) 
Poly (S-vinyl-O-ethylthioacetal formaldehyde) 
Poly ( N- vinylphthal imide ) 
Poly [N- ( 4 - vinylphenyl ) phthal imide ] 

3 0 Poly [ 2 -methyl - 5- ( 4 ' -vinyl ) phenyl tetrazole ] 
Poly [ 5 -phenyl - 2 - ( 4 ' -vinyl ) phenyl tetrazole ] 
Poly (N, N-me thy 1 -vinyl toluenesul f onami de ) 
Polyallene 
Poly (1-butene) 

3 5 Poly ( 1 -br omo- 1 -butene ) 
Poly ( 1 -butyl - 1 -butene ) 
Poly (1-t-butyl- 1-butene) 
Poly ( 1-chloro-l-butene) 

Poly (2-chloro-l, 4, 4-trif luoro-l-butene) 
40 Poly ( 1 -decy 1 - 1 -butene ) 

Poly (1-ethyl -butene) 

Poly (1,4, 4-trif luoro-l-butene) 

Poly ( octaf luoro- 1 -butene ) 

Poly ( 1 -heptyl - 1 -butene ) 
45 Poly (4-p-chlorophenyl-l-butene) 

Poly ( 4 -p-me thoxypheny 1 - 1-butene ) 

Poly { 4 -cyclohexyl - 1 -butene ) 

Poly ( 4 -phenyl - 1 -but ene ) 

Poly (2 -butene) 
50 Poly (isoprene) 

Poly (3-acetoxy isoprene) 

Poly ( 1 - i sopropy 1 - 1 -butene ) 

Poly [3- (1-cyclohexenyl) isopropenyl acetate] 
Poly (4 -methoxy- 1-butene) 
55 Poly ( 4 -me thoxycarbonyl -3 -me thyl - 1 -butene ) 
Poly ( 1 , 2 -dime thyl -butene ) 
Poly ( 1 -phenyl -but ene ) 
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1 -propyl -bu tene ) 

{3 -methyl) -1-butene) ] 

(4 -methyl ) -1-butene) ] 

(4 -phenyl) -1-butene) ] 

( 4-cyclohexyl) -1-butene) ] 

(4-N / N-diisopropylamino) -1-butene) ] 

(3 , 3 -dimethyl) -1-butene) ] 

(3 -phenyl) -1-butene) ] 

(4-o-tolyl) -1-butene) ] 

(4-p-tolyl) -1-butene) ] 

(4, 4,4-trif luoro) -1-butene) ] 

(3-trif luoromethyl) -1-butene) ] 

(4-trimethylsilyl) -1-butene] 

1,3, 3-trimethylbutene) 

1 , 4-p-methoxyphenylbutene) 

1 , 4-p-chlorophenylbutene) 

1 , 4-cyclohexylbutene) 

1 , 4 -phenylbutene ) 

1 , 2-diethylbutene) 

2 . 2- dimethylbutene) 

1 . 3- cyclobutylene) 

( 1-cyano) -1 , 3-cyclobutylene] 
N-butenyl carbazole ) 
1-decene) 
1-docosene) 
dodecame thylene ) 
1 , 2-chloro-dodecamethylene) 
1 -methyl -dodecamethylene ) 
1-dodecene) 
1-nonene) 
1-heptene) 

6 , 6 -dimethyl - 1-heptene ) 

5 -methyl -1-heptene) 

heptamethylene ) 

1 , 2-dichloro-heptamethylene) 

( 5 -methyl) -1-heptene] 

1-hexadecene) 

1-hexene) 

( 3 -methyl ) - 1 -hexene ] 
( 4 -methyl ) - 1-hexene ] 
(4 , 4-dimethyl) -1-hexene] 
(4-ethyl) -1-hexene] 
( 5 -methyl ) - 1 -hexene ] 
1 , 2-cyclohexalene) 

1 . 2- cyclopentylene-alt-ethylene) 

1 . 3- cyclopentylene-alt-methylene) 
isobutene) 

1-octadecene) 
octamethylene ) 
(1-methyl) octamethylene] 
1-octene) 

6 , 6-dimethyl-4 , 8-dioxaspiro-l-octene) 

1-octadecene) 

1-pentene) 

cyclopentene) 

1 , 3 -di one- 4 -cyclopentene) 

3 , 3-dimethoxy cyclopentene) 
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Poly ( 1 -pent adecene ) 

Poly (5 -amino- 1-pentene) 

Poly ( 5 - eye 1 ohexy 1 - 1 - pen t ene ) 

Poly [5- (N,N-dimethyl) amino -1-pentene] 
5 Poly [5- (N,N-diisobutyl) amino- 1-pentene] 

Poly [ 5 - ( N , N-dipr opyl ) amino- 1 -pentene ] 

Poly (4 , 4-dimethyl-l-pentene) 

Poly ( 3 -methyl - 1 -pentene ) 

Poly ( 3 -ethyl -1 -pentene) 
1 0 Poly ( 4 -methyl - 1 -pentene ) 

Poly (5, 5, 5-trif luoro-l-pentene) 

Poly ( 4 - tri f luorome thy 1 - 1 -pentene ) 

Poly (5-trimethylsilyl-l-pentene) 

Poly ( 2 -methyl - 1 -pentene ) 
15 Po ly ( 5 -phenyl - 1 -pen t ene ) 

Poly (1, 2-cyclopentylene) 

Poly (3-chloro-l, 2-cyclopentylene) 

Po ly { pen tame thyl ene ) 

Poly (1,2 -dichloropentamethylene ) 
20 Poly (hexaf luoroisobutylene) 

Poly { chloroprene ) 

Poly (propene) 

Poly ( 3 - eye 1 ohexy Ipropene ) 

Poly ( 3 -cyclopentylpropene ) 

2 5 Poly (hexaf luoropropene ) 

Poly ( 3 -phenylpropene ) 

Poly [ 3 - ( 2 ' , 5 ' -dime thylphenyl ) propene ] 
Poly [ 3 - ( 3 ' , 4 ' -dimethylphenyl ) propene ] 
Poly [3- (3 ' , 5' -dimethylphenyl) propene] 

3 0 Poly (3 -sily Ipropene) 

Poly (3-p-tolylpropene) 
Poly ( 3-m-tolylpropene) 
Poly { 3 -o- tolylpropene ) 
Poly (3-trimethylsilylpropene) 
35 Poly (3, 3, 3 -trif luoropropene ) 
Poly (3 , 3 , 3-trichloropropene) 
Poly ( 1-chloropropene) 
Poly ( 2 -chloropropene ) 
Poly ( 2 , 3 -dichloropropene ) 

40 Poly (3-chloro-2-chloromethylpropene) 
Poly ( ethyl -2 -propylene ) 
Poly { 1-ni tropropylene ) 
Poly ( 2 - trimethylsilylpropene ) 

Poly [1- (heptafluoroisopropoxy)methylpropylene] 
45 Poly[ (1-heptaf luoroisopropoxy) propylene] 

Poly (N-propenyl carbazole) 

Poly (propyl idene) 

Poly (isopropenyl toluene) 

Poly ( 1- tridecene ) 
50 Poly ( 1-tetradecene) 

Poly (vinylcyclobutane) 

Poly (vinyl cycloheptane) 

Poly (vinylcyclohexane) 

Poly (vinyl cyclopentane) 
55 Poly ( vi Inyl cyclopropane ) 

Poly ( l-vinylene-3 -cyclopentylene ) 

Poly ( octamethylene ) 
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10 



15 



20 



25 



30 



35 



40 



1 -methyl octamethylene) 
decamethylene ) 

1 . 2- dichloro-decamethylene) 
2 , 5-pyrazinecyclobutylene) 

2 , 4-diphenyl-2 , 5-pyrazinecyclobutylene) 
1-undecene) 

(R) {-)-3,7-dimethyl-l-octene} 

(S) {+) -5 -methyl -1-heptene] 

(S) ( + ) - 4 -methyl -1-hexene] 

(S) ( + ) -4 -methyl -1-hexyne] 

(S) (+) -6-methyl-l-octene] 

( S ) ( + ) - 3 -methyl - 1 -pent ene ] 

(R) -4 -phenyl -1-hexene] 

dimethyl 2 , 5-dicarboxylate-l-hexene) 

{ S ) - 5 -phenyl - 1 -hept ene ] 

1 -ethyl -1 -methyl tetramethylene) 

1, 1 -dimethyl tetramethylene) 

1 , 1-dimethyltrimethylene) 

1,1, 2-trimethyltrimethylene) 

acryloyl chloride ) 

allylacrylate) 

allyl chloride) 

allylbenzene) 

diallyl phthalate) 

diallylcyanamide) 

acryloyl pyrriolidone) 

al ly lcyc 1 ohexane ) 

N-allyls tear amide) 

allyl chloroacetate) 

allyl glycidyl phthalate) 

allyl eye 1 ohexane ) 

allyl triethoxysilane) 

allylurea) 

allylbenzene) 

acetylene) 

be ta- i odopheny 1 ace ty 1 ene ) 

diacetylene) 

phenyl acetylene) 

3 - methyl - 1 -pentyne ) 

4 - methyl - 1 -hexyne ) 

5- methyl-l-heptyne) 

6- methyl-l-octyne) 

3 , 4 -dimethyl -1 -pentyne) 

2 . 3- dihydrof uran) 

N , N-dibutylacry lamide ) 
N-docosylacrylamide ) 
N - dode cy 1 ac ry 1 ami de ) 
N-f ormylacrylamide) 
N-hexadecylacry lamide) 
N-octadecylacrylamide) 
N-octylacrylamide ) 
N-phenylacryl amide) 
N-propylacryl amide) 
N-tetradecylacryl amide ) 
N-bu tylacrylamide ) 
N-sec-butylacrylamide) 
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Poly (N-t-butylacrylamide) 

Poly (isodecylacrylamide) 

Poly (isohexylacrylamide) 

Poly (isononylacryl amide) 
5 Poly (isooctylacrylamide) 

Poly [N- (1,1 -dimethyl -3 -oxobutyl ) acrylamide ] 

Poly [ 1-oxy- (2,2,6, 6-tetramethyl-4-piperidyl ) acrylamide] 

Poly (N,N-dibutyiacrylamide) 

Poly (N,N-diethylacrylamide) 
10 Poly (N,N-diisopropylacrylamide) 

Poly (N,N-diphenylacrylamide) 

Poly [N- ( 1 , 1 -dimethyl-3 -oxobutyl ) acrylamide] 

Poly [N- ( 1 -me thylbutyl) acrylamide] 

Poly (N-methyl-N-phenylacrylamide) 
15 Poly ( N-phenyl -N- 1 -naphthylacrylamide ) 

Poly (N-phenyl-N-2-naphthylacrylamide) 

Poly (morpholylacrylamide) 

Poly (N-octadecylacrylamide) 

Poly (pipridylacrylamide) 

2 0 Poly (4-butoxycarbonylphenyl methacrylamide) 

Poly (N-t-butylmethacrylamide) 
Poly (N-benzyl methacrylamide) 
Poly (N-phenyl methacrylamide) 
Poly [N- (p-chlorophenyl) methacylamide] 
25 Poly [N- (p-methoxyphenyl) methacrylamide] 
Poly [N- (p-methylphenyl) methacrylamide] 
Poly [N- (p-nitrophenyl) methacrylamide] 
Poly[N- (p-stilbenyl) methacrylamide] 
Poly[N- (4 ' -nitro-p-stibenyl) methacrylamide] 

3 0 Poly (N-phenyl methacrylamide) 

Poly (1-deoxy-D-glucitol methacrylamide) 
Poly ( 4 - carboxyphenylme thacrylamide ) 
Poly ( 4 - e thoxycarbony lphenylme thacryl ami de ) 
Poly ( 4-methoxycarbonylphenylmethacrylamide) 

35 Poly(N-allyl methacrylamide) 

Poly [1- (N-carbethoxyphenyl) methacrylamide] 
Poly (p-ethoxycarbonyl phenylmethacrylamide) 
Poly (carbethoxyphenyl methacrylamide) 
Poly (N-methyl-N-alpha-methylbenzyl -acrylamide) 

40 Poly (N-propyl-N-alpha-methylbenzyl-acrylamide) 
Poly (p-acrylami dome thylamino azobenzene) 

Poly(allyl acrylate) 

Poly (biphenyloxyhexamethylene acrylate) 
45 Poly (n-butylacrylate) 

Poly ( 2 -ni trobutylacry late ) 

Poly (sec-butyl acrylate) 

Poly(t-butyl acrylate) 

Poly (p-carboxyphenyl acrylate) 
50 Poly (glycidyl acrylate) 

Poly (isobutyl acrylate) 

Poly (isopropyl acrylate) 

Poly (cresyl acrylate) 

Poly ( decylacrylate ) 
55 Poly(l, 1-dihydroperf luoro-decylacrylate) 

Poly (docosylacrylate) 

Poly (dodecylacrylate) 
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Poly (hexadecylacrylate) 
Poly (heptylacrylate) 
Poly ( octadecylacrylate ) 
Poly (octylacryl ate) 
5 Poly (1 , 1-dihydroperf luorooctylacrylate) 
Poly ( tetradecylacrylate ) 
Poly ( isopropyl acrylate ) 
Poly (benzyl acrylate) 
Poly ( 4 -biphenylyl acrylate ) 
10 Poly (L-bornyl acrylate) 

Poly ( 4 -butoxycarbonylphenyl acrylate ) 
Poly ( 2 - t -bu ty lpheny 1 acrylate ) 
Poly (4-t-butylphenyl acrylate) 

Poly [ ( 1-chlorodif luoromethyl ) tetraf uoroethyl acrylate] 
15 Poly [3-chloro-2 , 2 -bis (chlorornethyl ) propyl acrylate] 

Poly (2-chlorophenyl acrylate) 

Poly (4-chlorophenyl acrylate) 

Poly (2 , 4-dichlorophenyl acrylate) 

Poly (pentachlorophenyl acrylate) 
20 Poly (4-cyanobenzyl acrylate) 

Poly ( 2 -cyanobutyl acrylate ) 

Poly ( 2 -cyanoisobutyl acrylate ) 

Poly ( 4-cyanobutyl acrylate ) 

Poly ( 2 -cyanoethyl acrylate ) 

2 5 Poly (2-cyanoheptyl acrylate) 

Poly ( 2 -cyanohexyl acrylate ) 
Poly ( cyanomethyl acrylate ) 
Poly ( 2 -cyanomethyl acrylate ) 
Poly ( 5-cyano-3 -oxapentyl acrylate ) 
30 Poly (4-cyanophenyl acrylate) 

Poly (2-cyanoisopropyl acrylate) 
Poly ( 4 -cyano-3 - thiabutyl acrylate ) 
Poly ( 6 -cyano-3 -thiahexyl acrylate) 
Poly ( 6 -cyano-4- thiahexyl acrylate) 

3 5 Poly ( 8-cyano-7-thiaoctyl acrylate) 

Poly ( 5-cyano-3- thiapentyl acrylate) 

Poly (cyclododecyl acrylate ) 

Poly ( eye lohexyl acrylate ) 

poly { 2 -chloroethy 1 acrylate ) 
40 Poly [di (chlorodif luoromethyl ) f luoromethyl acrylate] 

Poly (2-ethoxycarbonylphenyl acrylate) 

Poly ( 3 -ethoxycarbonylpheny 1 acrylate ) 

Poly ( 4 -ethoxycarbony lpheny 1 acrylate ) 

Poly ( 2 -ethoxyethyl acrylate ) 
45 Poly (3-ethoxypropyl acrylate) 

Poly ( ethyl acrylate ) 

Poly ( 2 -bromoethyl acrylate ) 

Poly ( 2 -ethylbutyl acrylate ) 

Poly ( 2 -ethylhexyl acrylate ) 
50 Poly ( f errocenylethyl acrylate) 

Poly ( f errocenylmethyl acrylate) 

Poly ( 1H , lH-heptaf luorobutyl acrylate ) 

Poly (heptaf luoroisopropyl acrylate) 

Poly [5- (heptaf luroisopropoxy ) pentyl acrylate] 
55 Poly [11- (heptaf luoroisopropoxy) undecyl acrylate] 

Poly [2- (heptaf luoropropoxy) ethyl acrylate] 

Poly[ (2- (heptaf luorobutoxy) ethyl acrylate] 
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10 



Poly [2- (1,1, 2 , 2-tetraf luoroethoxy) ethyl acrylate] 
Poly (1H, 1H, 3H-hexaf luorobutyl acrylate) 
Poly(2,2,2-trifluoroethyl acrylate) 

Poly [ 2 , 2-dif luoro-2 - (2-heptafluorotetrahydrofuranyl ) ethvl 
acrylate] J J 

Poly (1H, lH-undecaf luorohexyl acrylate) 
Poly (f luoromethyl acrylate) 
Poly (trif luoromethyl acrylate) 
Poly (1H, lH-pentadecaf luorooctyl acrylate) 
Poly (5,5,6,6,7,7, 7-heptaf luoro-3-oxaheptyl acrylate ) 
Poly (1H, lH-undecaf luoro-4-oxaheptyl acrylate) 
PolydH, IH-nonaf luoro-4-oxaheptyl acrylate) 
Poly (7, 7, 8, 8-tetraf luoro-3 , 6-dioxaoctyl acrylate) 
Poly (1H, IH-tridecaf luoro-4-oxaoctyl acrylate) 
15 Poly (2, 2 ,3,3,5,5, 5-heptaf luoro-4-oxapentyl acrylate) 
Poly(4,4, 5, 5-tetraf luoro-3 -oxapentyl acrylate) 
Poly (5, 5, 5-trifluoro-3-oxapentyl acrylate) 
Poly (1H, IH-nonaf luoropentyl acrylate) 
Poly (nonaf luoroisobutyl acrylate) 
20 Poly(lH, lH,5H-octaf luoropentyl acrylate) 
Poly (heptaf luoro-2 -propyl acrylate) 

Poly [tetrafuoro-3- (heptaf luoropropoxy) propyl acrylate] 

PolyL ( tetraf luoro-3 - (pentaf luoroethoxy) propyl acrylate] 
„ [tetraf luoro-3- (trif luoromethoxy) propyl acrylate] 

2 5 Poly (1H, lH-pentaf luoropropyl acrylate) 

Poly (octaf luoropentyl acrylate) 

Poly(heptyl acrylate) 

Poly (2-heptyl acrylate) 

Poly (hexadecyl acrylate) 
30 Poly(hexyl acrylate) 

Poly (2-ethylhexyl acrylate) 

Poly (isobornyl acrylate) 

Poly (isobutyl acrylate) 

Poly (isopropyl acrylate) 

35 Poly (1 , 2:3, 4-di-0-isopropylidene-alpha-D-galactopyranos-6- 
O-yl acrylate) ~ ~ 

Poly (3-methoxybutyl acrylate) 

Poly ( 2 -methoxycarbonylphenyl acrylate ) 

Poly ( 3 -methoxycarbonylphenyl acrylate ) 
40 Poly (4 -methoxycarbonylphenyl acrylate) 

Poly (2-methoxyethyl acrylate) 

Poly (2-ethoxyethyl acrylate) 

Poly (4-methoxyphenyl acrylate) 

Poly (3-methoxypropyl acrylate) 
45 Poly (3 , 5-dimethyladamantyl acrylate) 

Poly ( 3 -dimethylaminophenyl acrylate ) 

Poly (2-methylbutyl acrylate) 

Poly (3-methylbutyl acrylate) 

Poly (1, 3-dimethylbutyl acrylate) 
50 Poly (2-methyl-7-ethyl-4-undecyl acrylate) 

Poly (2-methylpentyl acrylate) 

Poly(menthyl acrylate) 

Poly (2-naphthyl acrylate) 

Poly(nonyl acrylate) 
55 Poly(octyl acrylate) 

Poly(2-octyl acrylate) 

Poly (3-pentyl acrylate) 
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Poly 
Poly 
Poly 
Poly 
5 Poly 
Poly 
Poly 
Poly 
Poly 

10 Poly 
Poly 
Poly 
Poly 
Poly 

15 Poly 
Poly 
Poly 
Poly 
Poly 

2 0 Poly 
Poly 
Poly 
Poly 
Poly 

25 Poly 
Poly 
Poly 
Poly 
Poly 

30 Poly 
Poly 

Poly 
Poly 

35 Poly 
Poly 
Poly 
Poly 
Poly 

40 Poly 
Poly 
Poly 
Poly 
Poly 

45 Poly 
Poly 
Poly 
Poly 
Poly 

50 Poly 
Poly 
Poly 
Poly 
Poly 

55 Poly 
Poly 
Poly 



phenethyl acrylate) 

phenyl acrylate) 

2 , 4-dinitrophenyl acrylate) 

2.4. 5- trichlorophenyl acrylate) 

2.4. 6- tribromophenyl acrylate) 

3 . 4- epoxyhexahydrobenzyl acrylate) 

alpha- (o-ethyl methylphsphonoxy) -methyl acrylate] 

propyl acrylate) 

2 , 3 -dibromopropy 1 acrylate ) 

tetradecyl acrylate) 

3- thiabutyl acrylate) 

4 - thiahexyl acrylate ) 

5- thiahexyl acrylate 

3 - thi spentyl acrylate ) 

4- thiapentyl acrylate) 
m-tolyl acrylate) 

0- tolyl acrylate) 
p-tolyl acrylate) 

2- ethoxyethyl acrylate) 

3 - ethoxypropyl acrylate ) 
cholesteryl acrylate) 
2-ethyl-n-hexyl acrylate) 

1- oxy-2,2, 6, 6-tetramethyl-4-piperidyl acrylate) 
1,2,2,6, 6-pentamethyl-4-piperidyl acrylate) 

4- phenylazoxyphenyl acrylate) 
ethyl cyanoacrylat e ) 

4-(10,15,20-triphenyl-21H,23H-5-yl)phenyl acrylate] 

1,1, 5-trihydroperf luoroamyl acrylate) 

tributyltin acrylate) 

beta-ethoxyethyl acrylate) 

3 , 4-epoxyhexahydrobenzyl acrylate) 

alpha-chloroacrylnitrile) 

alpha- fluoroacrylnitrile) 

alpha- me thoxy acrylnitrile) 

alpha- trif luoromethyl acrylnitrile) 

alpha-ethylacrylonitrile) 

alpha-isopropylacrylonitrile) 

alpha-propylacrylonitrile) 

amyl methacrylate) 

1- ( 3-cyanopropyl) acrylonitrile] 

t -butyl methacrylate) 

hexadecyl methacrylate) 

methyl methacrylate) 

cyanomethyl methacrylate) 

adamantyl methacrylate) 

3 . 5 - dimethyl adamantyl methacrylate) 
benzyl methacrylate) 

1- alpha-methylbenzyl methacrylate) 

2- bromoethyl methacrylate) 
2-t-butylaminoethyl methacrylate) 
butyl methacrylate) 

sec-butyl methacrylate) 
tert-butyl methacrylate) 
ethylbutyl methacrylate) 
4 -pheny lbuty 1 - 1 -methacryl ate ) 
2 -phenyle thyl - 1 -met hacryl ate ) 
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Poly(cetyl methacrylate) 

Poly (p-cetyloxybenzoyl methacrylate) 

Poly (2-chloroethyl methacrylate) 

Poly (cyanome thy 1 methacrylate) 
5 Poly (2-cyanoethyl methacrylate) 

Poly (4 -cyanome thylphenyl methacrylate) 

Poly (4-cyanophenyl methacrylate) 

Poly (eye lohexyl methacrylate) 

Poly (p-t-butylcyclohexyl methacrylate) 
10 Poly (4-t-butylcyclohexyl methacrylate) 

Poly (cyclobutyl methacrylate) 

Poly (cyclobutylmethyl methacrylate) 

Poly (cyclododecyl methacrylate) 

Poly (2 -eye lohexyl ethyl methacrylate) 
15 Poly (cyclohexylmethyl methacrylate) 

Poly (cyclopentyl methacrylate) 

Poly (cyclooctyl methacrylate) 

Poly{decyl methacrylate) 

Poly(n-decyl methacrylate) 
20 Poly(dodecyl methacrylate) 
Poly (n-decosyl methacrylate) 
Poly (diethylaminoethyl methacrylate) 
Poly ( dimethylaminoethyl methacrylate ) 
Poly (2-ethylhexyl methacrylate) 
25 Poly (ethyl methacrylate) 

Poly (acetoxyethyl methacrylate) 
Poly ( 2 -methoxyethyl methacrylate ) 
Poly (2-ethylsulf inylethyl methacrylate) 
Poly ( f errocenylethyl methacrylate) 
30 Poly (ferrocenylmethyl methacrylate) 

Poly (N-methyl-N-phenyl-2-aminoethyl methacrylate) 
Poly ( 2-N, N-dimethylcarbamoyloxyethyl methacrylate) 
Poly (2-acetoxy methacrylate) 
Poly (2-bromoethyl methacrylate) 
35 Poly (2-chloroethyl methacrylate) 

PolydH, lH-heptaf luorobutyl methacrylate) 
Poly (1H, 1H, 7H-dodecaf luoroheptyl methacrylate) 
Poly (1H, 1H, 9H-hexadecaf luorononyl methacrylate) 
Poly (1H, 1H, 5H-octafluoropentyl methacrylate) 
40 Poly (1, 1, 1-trif luoro-2-propyl methacrylate) 
Poly ( trif luoroisopropyl methacrylate ) 
Poly (hexadecyl methacrylate) 
Poly(hexyl methacrylate) 
Poly (isobornyl methacrylate) 
4 5 Poly (isobutyl methacrylate) 
Poly (isopropyl methacrylate) 

Poly ( 1 , 2 : 3 , 4-di-0-isopropylidene-alpha-D-galactopyranos~6- 
O-yl methacrylate) 

Poly (2 , 3-O-isopropylidene-DL-glyceritol-l-O-yl 
50 methacrylate) 

Poly(nonyl methacrylate) 

Poly (methacrylic acid anhydride) 

Poly (4-methoxycarbonylphenyl methacrylate) 

Poly (3,5 -dime thy ladamantyl methacrylate ) 
55 Poly (dimethylaminoethyl methacrylate) 

Poly (2-methylbutyl methacrylate) 

Poly (1,3 -dimethylbutyl methacrylate ) 
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Poly ( 3 , 3 -dimethylbutyl methacrylate ) 

Poly (3 , 3 -dimethyl -2 -butyl methacrylate) 

Poly (3 , 5, 5-trimethylhexyl methacrylate) 

Poly ( trimethylsilyl methacrylate) 
5 Polyf (2-nitratoethyl ) methacrylate] 

Poly (octadecyl methacrylate) 

Poly ( octyl methacrylate ) 

Poly (n-octadecyl methacrylate) 

Poly ( 3 -oxabutyl methacrylate ) 
10 Poly(pentyl methacrylate) 

Poly (neopentyl methacrylate) 

Poly (phenethyl methacrylate) 

Poly (phenyl methacrylate) 

Poly (2 , 6-diisopropylphenyl methacrylate) 
15 Poly (2 , 6-dimethylphenyl methacrylate) 

Poly (2 , 4-dinitrophenyl methacrylate) 

Poly ( diphenylmethyl methacrylate ) 

Poly (4-t-butylphenyl methacrylate) 

Poly (2-t-butylphenyl methacrylate) 
2 0 Poly ( o-ethylphenyl methacrylate ) 

Poly (p-ethylphenyl methacrylate) 

Poly (m-chlorophenyl methacrylate ) 

Poly (m-nitrophenyl methacrylate) 

Poly (propyl methacrylate) 

2 5 Poly (tetradecyl methacrylate) 

Poly (butyl butoxycarbonyl methacrylate) 

Poly (tetradecyl methacrylate) 

Poly (ethylidene dimethacrylate) 

Poly (3 , 3 , 5-trimethylcyclohexyl methacrylate) 

3 0 Poly (2-nitro-2-methylpropyl methacrylate) 

Poly ( triethylcarbinyl methacrylate) 

Poly ( triphenylmethyl methacrylate ) 

Poly (1, 1-diethylpropyl methacrylate) 

Poly (ethyl glycolate methacrylate) 
3 5 Poly ( 3 -methylcyclohexyl methacrylate ) 

Poly ( 4 -methylcyclohexyl methacrylate) 

Poly ( 2 -methylcyclohexyl methacrylate ) 

Poly ( 1 -methylcyclohexyl methacrylate ) 

Poly (bornyl methacrylate) 
40 Poly ( tetrahydro fur fury 1 methacrylate) 

Poly (vinyl methacrylate) 

Poly (2-chloroethyl methacrylate) 

Poly (2-diethylaminoethyl methacrylate) 

Poly ( 2 -chlorocyclohexyl methacrylate ) 
45 Poly (2-aminoethyl methacrylate) 

Poly (fur furyl methacrylate) 

Poly (methylmercaptyl methacrylate ) 

Poly (2 , 3-epithiopropyl methacrylate) 

Poly ( f errocenylethyl methacrylate ) 
50 Poly [2- (N, N- dime thy 1 carbamoyl oxy) ethyl methacrylate] 

Poly (butyl butoxycarbonyl methacrylate) 

Poly (cyclohexyl chloroacrylate) 

Poly (ethyl chloroacrylate) 

Poly (ethyl ethoxycarbonyl methacrylate) 
55 Poly (ethyl ethacrylate) 

Poly ( ethyl f luoromethacrylate ) 

Poly (hexyl hexyloxycarbonyl methacrylate) 
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Poly(l, 1-dihydropentadecafluorooctyl methacrylate) 
Poly (heptaf luoroisopropyl methacrylate) 
Poly (heptadecaf luorooctyl methacrylate) 
Poly (1-hydrotetraf luoroethyl methacrylate) 
5 Poly (1 , 1-dihydrotetraf luoroisopropyl methacrylate) 
Poly (1-hydrohexaf luorobutyl methacrylate) 
Poly (1-nonaf luorobutyl methacrylate) 
Poly (1,3 -dichloropropyl methacrylate ) 
Poly [ 2 -chloro- 1- ( chloromethyl ) ethyl methacrylate ] 
10 Poly(butylmercaptyl methacrylate) 
Poly (1 -phenyl -n-amyl methacrylate) 

Po ly [ 2 -hept oxycarbonyl - 1 -hep t oxycarbonylethylene ) ethylene ] 

Poly (2-t-butylphenyl methacrylate) 

Poly ( 4 -cetyloxycarbonylphenyl methacrylate ) 
15 Poly(l-phenylethyl methacrylate) 

Poly (p-methoxybenzyl methacrylate) 

Poly (1-phenylallyl methacrylate) 

Poly (p-cyclohexylphenyl methacrylate) 

Poly(2-phenylethyl methacrylate) 
2 0 Poly[l- (chlorophenyl) cyclohexyl methacrylate] 

Poly (1-phenylcyclohexyl methacrylate) 

Poly [2- (phenylsulfonyl) ethyl methacrylate] 

Poly (m-cresyl methacrylate) 

Poly (o-cresyl methacrylate) 
25 Poly (2 , 3-dibromopropyl methacrylate) 

Poly ( 1 , 2 -diphenyl ethyl methacrylate ) 

Poly (o-chlorobenzyl methacrylate) 

Poly (m-nitrobenzyl methacrylate) 

Poly (2-diphenyl methacrylate) 
30 Poly(4-diphenyl methacrylate) 

Poly (alpha-naphthyl methacrylate) 

Poly (beta-naphthyl methacrylate) 

Poly (alpha-naphthyl carbinyl methacrylate) 

Poly (2-ethoxyethyl methacrylate) 
35 Polydauryl methacrylate) 

Poly ( pen t abromopheny 1 me thacry 1 a t e ) 

Poly (o-bromobenzyl methacrylate) 

Poly(o-chlorodiphenylmethyl methacrylate) 

Poly (pentachlorophenyl methacrylate ) 
40 Poly (2-diethylamino methacrylate) 

Poly (2- f luoroethyl mathacrylate) 

Poly (hexadecyl methacrylate) 

Poly (2-ethylbutyl methacrylate) 

Poly[4-(4-hexadecyloxy-benzoyloxy) phenyl methacrylate] 
45 Poly (D , L-dxisobornyl methacrylate) 

Poly ( decahydro-beta-naphthyl methacrylate ) 

Poly (5-p-menthyl methacrylate) 

Poly (methyl butacrylate) 

Poly (methyl ethacrylate) 
50 Poly[ (2-methylsulf inyl) ethylacrylate] 

Poly (methylphenylacrylate) 

Poly [4~ (4-nonyloxy-benzoyloxy) -phenyl methacrylate] 
Poly(tetrahydrofurfuryl methacrylate) 
Poly [2- (triphenylmethoxy) ethyl methacrylate] 
55 Poly(cetyl methacrylate) 

Poly (2,3 -epoxypropyl methacrylate ) 
Poly (pentachlorophenyl methacrylate) 
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Poly (pentaf luorophenyl methacrylate) 

Poly [6- (anisyloxycarbonylphenoxy) hexyl methacrylate] 
Poly ( ethyl -alpha-bromoacrylate ) 

Poly [ 1 - ( 2 -N-cyclohexyl -N-methyl - carbamoyloxy ) ethyl 
5 methacrylate] 

Poly[l- (2-N,N-diethylcarbamoyloxy) ethyl methacrylate] 
Poly[ (2-N,N-diethylcarbamoyloxy) -2-methylethyl 
methacrylate] 

Poly (n-docosyl methacrylate) 
10 Poly (2 , 5-dimethylpyrozolyl methacrylate) 

Poly(ll- (hexadecyl-dimethylammonio) -undecyl methacrylate] 
Poly [ 2 - ( 4 -methyl - 1 -pipera z inyl carbony 1 oxy ) ethyl 
methacrylate ] 

Poly [ (2-morpholino-carbonyloxy) ethylmethacrylate] 
15 Poly[l- (l-nonyloxy-4-phenoxycarbonyl) phenyl methacrylate] 
Polyd, 2, 2 , 6, 6-pentamethyl-4-piperidyl methacrylate) 
Poly (propionyloxyethyl methacrylate) 

Poly [ 3- ( 8-oxyl-7 ,7,9, 9-tetramethyl-2 , 4-dioxo-l , 3 , 8- 
triazaspiro (4,5) -dec-3 -yl ) propyl methacrylate] 
20 Poly (n-stearyl methacrylate) 

Poly [ 4 - ( 1 , 1 , 3 , 3 - t et rame thylbuty 1 ) phenyl methacrylate ] 

Poly(o-tolyl methacrylate) 

Poly(p-tolyl methacrylate) 

Poly (2,4, 5- trichlorophenyl methacrylate ) 

2 5 Poly (n-tridecyl methacrylate) 

Poly ( triphenylmethyl methacrylate) 
Poly(trityl methacrylate) 

Poly ( tetrahydro-4H-pyranyl-2 -methacrylate ) 
Poly ( tridecyl methacrylate) 
30 Poly [2- (triphenylmethoxy) ethyl methacrylate] 

Poly [2- (4-methyl-l-piperazinylcarbonyloxy) -2-methylethyl 
methacrylate] 

Poly ( p-methoxyphenyl -oxycarbonyl -p-phenoxyhexame thylene 
methacrylate) 

3 5 Poly (diphenyl-2-pyridylmethyl methacrylate) 

Poly { diphenyl - 4 -pyr idylme thyl methacrylate ) 
Poly (triphenylmethyl methacrylate) 

Poly (hexyleneoxyphenylenecarboxyphenyleneoxymethylene 
methacrylate) 

40 Poly[4- (1,1,3, 3 -tetramethylbutyl ) phenyl methacrylate] 
Poly (glycidyl methacrylate) 

Poly (2,2, 6, 6-tetramethyl-4-piperidinyl methacrylate) 

Poly[ (2 , 2-dimethyl-l, 3-dioxolane-4-yl ) methyl methacrylate] 

Poly (alpha-alpha-dimethylbenzyl methacrylate) 
45 Poly (1, 1-diphenyle thyl methacrylate) 

Poly ( 2 , 3 -epi thiopropyl methacrylate ) 

Poly(dicyclopentadienyltitanate dimethacrylate) 

Poly (diethylaminoethyl methacrylate) 

Poly ( 5-oxo-pyrrolidinylmethyl methacrylate) 
50 Poly (ethyl -alpha-bromoacrylate) 

Poly (isopropyl -alpha-bromoacrylate) 

Poly ( methyl -alpha-bromoacrylat e ) 

Poly ( n-pentyl -alpha-bromoacrylate ) 

Poly ( n-propy 1 - alpha-bromoacry 1 ate ) 
55 Poly (methyl alpha-trif luoromethylacrylate) 

Poly ( phenyl alpha-bromoacrylate ) 

Poly (sec-butyl -alpha-bromoacrylate) 
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Poly (cyclohexyl-alpha-bromoacrylate) 
Poly (methyl -alpha-bromomethacrylate ) 
Poly (butyl chloroacrylate) 
Poly (sec-butyl chloroacrylate) 
5 Poly (methyl chloroacrylate) 
Poly (isobutyl chloroacrylate) 
Poly (isopropyl chloroacrylate) 
Poly (cyclohexyl chloroacrylate) 
Poly (2-chloroethyl chloroacrylate) 
10 Po ly [ 1 -me thoxycarbony 1 - 1 - 

methoxycarbonylmethylene) ethylene] 

Poly (methyl chloroacrylate) 

Poly(ethyl alpha-chloroacrylate) 

Poly (methyl beta-chloroacrylate) 
15 Poly (cyclohexyl alpha-ethoxyacrylate) 

Poly (methyl f luoroacrylate ) 

Poly (methyl f luoromethacrylate) 

Poly (methyl phenylacrylate) 

Poly (propyl chloroacrylate) 
20 Poly (methyl cyanoacrylate) 

Poly (ethyl cyanoacrylate) 

Poly (butylcyanoacrylate) 

Poly (sec-butyl thiolacrylate) 

Poly (isobutyl thiolacrylate) 
25 Poly (ethyl thioacrylate) 

Poly (methyl thioacrylate) 

Poly (butyl thioacrylate) 

Poly (isopropyl thiolacrylate) 

Poly (propyl thiolacrylate) 
3 0 Poly (phenyl thiomethacrylate) 

Poly ( cyclohexyl thiomethacrylate ) 

Poly (o-methylphenylthio methacrylate) 

Poly (nonyloxy-1 , 4-phenyleneoxycarbonylphenyl methacrylate) 

Poly ( 4 -methyl -2 -N , N-dimethylaminopentyl methacrylate ) 
35 Poly [alpha- (4 -chlorobenzyl) ethyl acrylate] 

Poly [alpha- (4-cyanobenzyl) ethyl acrylate] 

Poly [alpha- ( 4 -methoxybenzyl ) ethyl acrylate) 

Poly (alpha-ace toxy ethyl acrylate) 

Poly (ethyl alpha-benzylacrylate) 
40 Poly (methyl alpha-benzylacrylate) 

Poly (methyl alpha-hexylacrylate) 

Poly (ethyl alpha- f luoroacrylate) 

Poly (methyl alpha-f luoroacrylate) 

Poly (methyl alpha- isobutylacrylate) 
45 Poly (methyl alpha-isopropylacrylate) 

Poly (methyl alpha-methoxyacrylate) 

Poly (butyl alpha-phenylacrylate) 

Poly (chloroethyl alpha-phenylacrylate) 

Poly (methyl alpha-phenylacrylate) 
50 Poly (propyl alpha-phenylacrylate) 

Poly (methyl alpha-propylacrylate) 

Poly (methyl alpha-sec-butylacrylate) 

Poly (methyl alpha- trif luoromethylacrylate ) 

Poly (ethyl alpha-acetoxyacrylate) 
55 Poly (ethyl beta-ethoxyacrylate) 

Poly (methacryloyl chloride) 

Poly (methacryloylactone) 
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Poly (meethylenebutyrolactone) 
Poly (acryloylpyrrolidone) 

Poly [butyl N- { 4-carbethoxyphenyl ) itaconamate] 
Poly [ethyl N- { 4-carbethoxyphenyl ) itaconamate] 
5 Polyfmethyl N- ( 4-carbethoxyphenyl ) itaconamate] 
Poly [propyl N- (4-carbethoxyphenyl) itaconamate] 
Poly [ethyl N- (4-chlorophenyl ) itaconamate] 
Poly [methyl N- (4-chlorophenyl) itaconamate] 
Poly [propyl N- ( 4-chlorophenyl ) itaconamate] 

10 Polyfbutyl N- (4-methoxyphenyl) itaconamate] 
Poly [ethyl N- (4-methoxyphenyl) itaconamate] 
Poly [methyl N- (4-methoxyphenyl) itaconamate] 
Poly [propyl N- (4-methoxyphenyl) itaconamate] 
Poly [butyl N- (4 -methylphenyl) itaconamate] 

15 Poly [ethyl N- (4 -methylphenyl) itaconamate] 
Poly [methyl N- ( 4 -methylphenyl ) itaconamate] 
Poly [propyl N- ( 4 -methylphenyl ) itaconamate] 
Poly [butyl N-phenyl itaconamate] 
Poly [ethyl N-phenyl itaconamate] 

20 Poly[methyl N-phenyl itaconamate] 
Poly [propyl N-phenyl itaconamate] 
Poly (diamyl itaconate) 
Poly ( dibutyl i taconate ) 
Poly (diethyl itaconate) 

25 Poly(dioctyl itaconate) 
Poly ( dipropyl i taconate ) 
Polystyrene 

Poly [ (p-t-butyl ) -styrene] 

Poly [ (o-fluoro) -styrene] 
30 Poly[ (p-f luoro) -styrene] 

Poly [ (alpha-methyl) -styrene] 

Poly[ (alpha-methyl) (p-methyl ) -styrene] 

Poly [ (m-methyl) -styrene] 

Poly [ (o-methyl) -styrene] 
35 Poly [ (o-methyl) (p-f luoro) -styrene ] 

Poly [ (p-methyl) -styrene] 

Poly ( trimethylsilyls tyrene ) 

Poly (beta-nitrostyrene) 

Poly ( 4-acetylstyrene ) 
40 Poly ( 4 -acet oxys tyrene ) 

Poly ( 4 -p-ani soyl s tyrene ) 

Poly ( 4 -benzoyls tyrene ) 

Poly [ (2-benzoyloxymethyl) styrene] 

Poly[ (3- (4-biphenylyl) styrene] 
45 Poly [ (4- (4-biphenylyl) styrene] 

Poly ( 5 -bromo- 2 -but oxys tyrene) 

Poly ( 5 -bromo-2 -ethoxys tyrene ) 

Poly (5-bromo-2-isopentyloxystyrene) 

Poly ( 5-bromo-2 - isopropoxys tyrene ) 
50 Poly (4-bromos tyrene) 

Poly ( 2 -butoxycarbonyl styrene ) 

Poly ( 4 -butoxycarbonyl s tyrene ) 

Poly (4- [ ( 2 -butoxyethoxy) methyl] styrene) 

Poly ( 2 -butoxymethyl styrene ) 
55 Poly ( 4 -but oxyme thy 1 s tyrene ) 

Poly [4- (sec -butoxymethyl) styrene] 

Poly ( 4 -butoxystyrene ) 
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Poly (5-t-butyl-2-methylstyrene) 

Poly (4-butylstyrene) 

Poly (4-sec-butylstyrene) 

Poly (4-t-butylstyrene) 
5 Poly ( 4 -butyryl styrene) 

Poly (4-chloro-3-f luorostyrene) 

Poly (4-chloro-2-methylstyrene) 

Poly { 4 -chloro-3 -methyls tyrene) 

Poly (2-chlorostyrene) 
1 0 Poly ( 3 -chloros tyrene ) 

Poly (4-chlorostyrene) 

Poly (2 , 4-dichlorostyrene) 

Poly (2 , 5-dichlorostyrene) 

Poly (2, 6-dichlorostyrene) 
15 Poly (3 , 4-dichlorostyrene) 

Poly (2 -bromo-4-trif luoromethyl s tyrene) 

Poly ( 4 -cyanos tyrene ) 

Poly ( 4 -decyls tyrene ) 

Poly ( 4 -dodecyls tyrene ) 
2 0 Poly ( 2 -ethoxycarbonyls tyrene ) 

Poly ( 4 - e thoxycarbony 1 s tyrene ) 
Poly [4- (2-ethoxymethyl) styrene] 
Poly ( 2 -ethoxymethyls tyrene ) 
Poly ( 4 -ethoxys tyrene ) 
25 Poly [4- (2-diethylarninoethoxycarbonyl) styrene] 
Poly ( 4 -diethyl carbamoyl styrene ) 
Poly [4- (1-ethylhexyloxymethyl) styrene] 
Poly (2 -ethyls tyrene) 
Poly ( 3 -ethyls tyrene ) 
30 Poly ( 4-ethylstyrene) 

Poly[4- (pentadecafluoroheptyl) styrene] 
Poly ( 2 - fluoro- 5-methyls tyrene ) 
Poly { 4 - f luor os tyrene ) 
Poly ( 3 - f luoros tyrene ) 
35 Poly (4-f luoro-2-trif luoromethyl styrene) 
Poly (p-f luoromethyl styrene) 
Poly ( 2 , 5 -dif luorostyrene) 
Poly (2, 3,4,5,6, -pentaf luorostyrene) 
Poly (perf luorostyrene) 
40 Poly (alpha, beta, beta- trif luorostyrene) 
Poly ( 4 -hexadecyl styrene ) 
Poly ( 4 -hexanoy 1 s tyrene ) 
Poly ( 2 -hexyl oxycarbony 1 s tyrene ) 
Poly ( 4 -hexyl oxycarbonyl s tyrene ) 
45 Poly (4 -hexyloxymethyl styrene) 
Poly ( 4 -hexyl styrene ) 
Poly { 4 -iodos tyrene) 
Po ly ( 2 - i s obu t oxy c arbony 1 s tyrene ) 
Poly (4 -isobut oxycarbony Is tyrene) 
50 Poly ( 2 - i sopentyloxycarbony 1 s tyrene ) 
Poly (2-isopentyloxymethylstyrene) 
Poly (4- isopentyloxys tyrene) 
Poly { 2 - isopropoxycarbonyl styrene ) 
Po 1 y ( 4 - i s opr opoxyc arbony 1 s tyrene ) 
55 Poly(2-is opr opoxyme t hy 1 s tyrene ) 
Poly (4-isopropylstyrene) 
Poly ( 4 - i sopropyl -alpha-methyls tyrene ) 
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Poly 
Poly 
Poly 
Poly 
5 Poly 
Poly 
Poly 
Poly 
Poly 

10 Poly 
Poly 
Poly 
Poly 
Poly 

15 Poly 
Poly 
Poly 
Poly 
Poly 

2 0 Poly 

Poly 
Poly 
Poly 
Poly 
25 Poly 
Poly 
Poly 
Poly 
Poly 

3 0 Poly 

Poly 
Poly 
Poly 
Poly 

3 5 Poly 
Poly 
Poly 
Poly 
Poly 

40 Poly 
Poly 
Poly 
Poly 
Poly 

45 Poly 
Poly 
Poly 
Poly 
Poly 

50 Poly 
Poly 
Poly 
Poly 
Poly 

55 Poly 
Poly 
Poly 



4 - tr ime thy Is ilyl- alpha-methyl styrene) 

2 . 4- diisopropylstyrene) 

2 . 5- diisopropylstyrene) 
beta-methyls tyrene ) 

2 -methoxymethylstyrene ) 

2 -methoxycarbonyl styrene ) 

4 -methoxycarbony 1 s tyrene ) 

4 -methoxymethylstyrene ) 

4 -me thoxy- 2 -me thy 1 s tyrene ) 

2 -me t hoxys tyrene ) 

4 -me thoxys tyrene ) 

4-N, N-dimethylamino s tyrene) 

2 -methylaminocarbonyls tyrene ) 

2 -dimethyl aminocarbonyls tyrene) 

4 -dimethylaminocarbonyls tyrene) 

2- (2-dimethylaminoethoxycarbonyl) styrene] 

4- (2-dimethylaminoethoxycarbonyl) styrene] 

2 - me thy Is tyrene) 

3 - methyl styrene) 

4 - methyl styrene) 
4 -methoxys tyrene ) 

2 . 4 - dimethyls tyrene) 

2 . 5 - dimethyls tyrene) 

3 . 4- dimethylstyrene) 

3 . 5 - dimethyls tyrene) 

2.4. 5- trimethylstyrene) 

2.4. 6- trimethylstyrene) 

3- [bis (trimethylsiloxy)boryl] styrene) 

4- [bis (trimethylsiloxy)boryl] styrene) 
4 -morpho 1 inocarbony 1 s tyrene ) 

4- (3-morpholinopropionyl) styrene] 

4 -nonadecyl styrene) 

4 -nonyl s tyrene ) 

4 -octadecyls tyrene ) 

4 -octanoyl styrene ) 

4- (octyloxymethyl ) styrene] 

2 -octyloxystyrene ) 

4 -octyloxystyrene ) 

2 -pentyloxycarbonyl styrene ) 

2 -pen tyl oxyme thy 1 styrene ) 

2 -phenethyloxymethyl styrene) 

2 -phenoxycarbonyl styrene) 

4 -phenoxys tyrene ) 

4 -phenylacetyls tyrene ) 

2 -phenylaminocarbonylstyrene ) 

4 -phenyl s tyrene ) 

4 -piper idinocarbony 1 styrene ) 

4 - ( 3 -piper idinopropionyl ) s tyrene ] 

4 -propionyls tyrene) 

2 -propoxycarbony Is tyrene ) 

4 -pr opoxy carbony 1 s tyrene ) 

2 -propoxymethyls tyrene) 

4-propoxymethylstyrene) 

4 -pr opoxy styrene ) 

4 -pr opoxysul f onyl styrene ) 

4-tetradecylstyrene ) 

4-p-toluoylstyrene ) 
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Poly (4-trimethylsilylstyrene) 
Poly [2- (2-thio-3-methylpentyl) styrene] 
Poly [9- (2-methylbutyl) -2 -vinyl carbazole] 
Poly [9- (2-methylbutyl) -3 -vinyl carbazole] 
5 Poly (3-sec-butyl-9-vinyl carbazole) 
Poly [p- (p-tolylsulf inyl) styrene] 
Poly ( 4 -vaieryl styrene) 

Poly [ (4-t-butyl-dimethylsilyl) oxy styrene] 

Poly (4-isopropyl-2-methyl styrene) 
10 Poly [1- (4 -formylphenyl) ethylene] 

Poly (alpha-rnethoxystyrene) 

Po ly ( alpha -met hyl s tyrene ) 

Poly (p-octylamine sulfonate styrene) 

Poly <m-divinylbenzene) 
15 Poly (p-divinylbenzene) 

Polybutadiene ( 1 , 4-addition) 
Polybutadiene ( 1 , 2-addition) 
(2-t-butyl) -cis-1, 4-poly-l , 3 -butadiene 

2 0 (2-chloro) - trans -1 , 4 -poly-1 , 3 -butadiene 

(2-chloro) -cis-1 , 4-poly-l , 3-butadiene 

( 1 - cyano ) - trans -1,4 -poly- 1 , 3 -butadiene 

(1-methoxy) -trans-1 , 4-poly-l, 3-butadiene 

(2, 3-dichloro) -trans-1, 4-poly-l , 3-butadiene 
25 (2, 3-dimethyl) -trans-1 , 4-poly-l , 3-butadiene 

(2 , 3-dimethyl ) -cis-1 , 4-poly-l , 3-butadiene 

(2 -methyl) -cis-1 , 4-poly-l , 3-butadiene 

(2 -methyl) -trans-1 , 4-poly-l , 3-butadiene 

(2-methyl-3~chloro) -trans-1, 4-poly-l, 3-butadiene 
30 (2-methylacetoxy) -trans-1 , 4-poly-l , 3-butadiene 

(2-propyl) -trans-1, 4-poly-l, 3-butadiene 
Poly (2-decyl-l , 3-butadiene) 
Poly ( 2 -heptyl -1,3 -butadiene ) 
Poly ( 2 - i sopropyl -1,3 -bu t adi ene ) 

3 5 Poly ( 2 - 1 -butyl -1 , 3 -butadiene) 

[1, 4- (4, 4 ' -diphenyleneglutarate) ] -1 , 4 -poly-1 , 3 -butadiene 

Poly ( 2 -chl oromethyl -1,3 -butadi ene ) 

Poly (ethyl-l-carboxylate-1, 3-butadiene) 

Poly ( 1 -diethylamino- 1 , 3 -butadiene ) 
40 Poly (diethyl 1 , 4-carboxylate-l , 3-butadiene) 

Poly ( 1 -acetoxy- 1 , 3 -butadiene ) 

Poly ( 1-ethoxy-l , 3-butadiene) 

Poly ( 2 -phthal idome thy 1 -1,3 -butadiene ) 

Poly (2 , 3 -bis (diethylphosphono-1 , 3-butadiene) 
5 Poly (hexaf luoro-1, 3-butadiene) 

Poly ( 2 - f luoro- 1 , 3 -butadiene ) 

Poly ( 1 -phthal imi do- 1 , 3-butadiene) 

Poly { 1 , 4-poly-l , 3 -cyclohexalene) 

1, 12-poly-l, 11-dodecadiyne 
0 1,2 -poly-1 , 3 -pentadiene 

(4 -methyl) -1, 2 -poly-1, 4-pentadiene 

Poly (perf luoro-1 , 4-pentadi ene) 

Poly (1-ferrocenyl-l , 3-butadiene) 

Poly (perf luorobutadiene) 
5 Poly (1 -phenyl butadiene) 

Poly (spiro-2 , 4-hepta-4, 6-diene) 

Poly (1, 1, 2-trichlorobutadiene) 



53 



WO 97/49387 



PCT/US97/11345 



Poly (1,3 -pent adiene ) 

1 , 4 -poly- 1 , 3-heptadiene 

(6 -methyl) -trans-1, 4-poly-l, 3-heptadiene 
(5 -methyl) -trans-1, 4-poly-l, 3-heptadiene 
5 (3 , 5-dimethyl ) -1, 4-poly-l, 3-heptadiene 
(6 -phenyl) -1, 4-poly-l, 3-heptadiene 
1 , 4-poly- trans-1 , 3-hexadiene 
(5 -methyl) -trans-1 , 4-poly-l , 3-hexadiene 
(5-phenyl) -trans-1 , 4-poly-l, 3-hexadiene 
10 trans-2 , 5-poly-2 , 4-hexadiene 

(2 , 5-dimethyl ) -trans-2 , 5-poly-2 , 4-hexadiene 

Poly (1,5 -hexadiene ) 

1, 4-poly-l, 3-octadiene 

1 . 4- poly-chloroprene 
15 1 , 4-poly-isoprene 

Poly (hexatriene) 

Poly ( trichlorohexatriene ) 

2 . 5- poly-2 , 4-hexadienoic acid, diisopropyl ester 
2 , 5-poly-2 , 4-hexadienoic acid, butyl ester 

20 2 , 5-poly-2 , 4-hexadienoic acid, ethyl ester 
2 , 5-poly-2 , 4-hexadienoic acid, isoamyl ester 
2 , 5-poly-2 , 4-hexadienoic acid, isobutyl ester 
2 , 5-poly-2 , 4-hexadienoic acid, isopropyl ester 
2 , 5-poly-2 , 4-hexadienoic acid, methyl ester 

25 2 , 5-poly-2 , 4-hexadiyne 

[1, 6-di (N-carbazoyl) ] -2 , 5-poly-2 , 4-hexadiyne 
1 , 9-poly-l , 8-nonadiyne 
1 , 4-poly-l , 3-octadene 
1 , 2 -poly- 1 , 3 -pentadiene 

3 0 (4 -methyl) -1, 2 -poly- 1, 3 -pentadiene 

1 . 4 - poly- 1 , 3 -pentadiene 

(2 -methyl) -1, 4-poly-l, 3 -pentadiene 

2 . 5 - poly- 5 -phenyl -2 , 4-pentadienoic acid, butyl ester 
2 , 5-poly-5-phenyl-2 , 4-pentadienoic acid, methyl ester 

3 5 Poly (4- trans- 4-ethoxy-2 , 4-pentadienoate) 
Poly ( trans-4-ethoxy-2 , 4-pentadienonitrile) 
1, 24-poly-l, 11, 13 , 23-tetracisatetrayne 

Poly ( 3-hydroxybutyric acid) 
40 Poly ( 10-hydroxycapric acid) 

Poly (3-hydroxy-3-trichloromethyl-propionic acid) 

Poly (2 -hydroxy ace tic acid) 

Poly (dimethyl -2-hydroxyacetic acid) 

Poly (diethyl-2-hydroxyacetic acid) 
45 Poly (isopropyl-2-hydroxyacetic acid) 

Poly (3-hydroxy-3-butenoic acid) 

Poly ( 6-hydroxy-carproic acid) 

Poly [5 -hydroxy- 2- ( 1 , 3-dioxane) -carprylic acid] 

Poly (7-hydroxynanthic acid) 
50 Poly [ (4 -methyl) -7-hydroxynanthic acid] 

Poly [4-hydroxymethylene-2- (1, 3-dioxane) -carprylic acid] 

Poly (5-hydroxy-3-oxavaleric acid) 

Poly (2 , 3 , 4-trimethoxy-5-hydroxyvaleric acid) 

Poly (2-hydroxypropionic acid) 
55 Poly (3-hydroxypropionic acid) 

Poly (2 , 2-bischloromethyl-3-hydroxypropionic acid) 

Poly ( 3 -chloromethyl - 3 -hydroxypropionic acid) 
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Poly (2 , 2-butyl-3-hydroxypropionic acid) 
Poly ( 3-dichloromethyl-3-hydroxypropionic acid) 
Poly (2 , 2-diethyl-3-hydroxypropionic acid) 
Poly (2 , 2 -dimethyl- 3 -hydroxypropionic acid) 
5 Poly (3-ethyl-3-hydroxypropionic acid) 

Poly ( 2-ethyl -2 -methyl -3 -hydroxypropionic acid) 

Poly(2-ethyl-2-methyl-l , l-dichloro-3-hydroxypropionic 
acid) 

Poly ( 3 - i s opr opyl - 3 -hydroxypr opi oni c acid ) 
10 Poly (2 -methyl -3 -hydroxypropionic acid) 

Poly { 3 -methyl -3 -hydroxypropionic acid) 

Poly ( 2 -methyl - 2 -propyl - 3 -hydroxypr opi oni c acid) 

Poly ( 3 -trichloromethyl- 3 -hydroxypropionic acid) 

Poly ( carbonoxide-al t-ethylene ) 
15 Poly (oxycarbonyl-1 , 5-dimethylpentamethylene) 

Poly ( oxycarbonylethy 1 idene ) 

Poly (oxycarbonylisobutylidene) 

Poly (oxycarbonylisopentylidene) 

Poly ( oxycarbonylpentamethylene ) 

2 0 Poly ( oxycrabonyl - 3 -me thylhexamethylene ) 

Poly (oxycarbonyl-2-methylpentamethylene) 
Poly ( oxycarbonyl - 3 -me thylpent ame thy lene ) 
Po ly ( oxycarbonyl - 4 -me t hy Ipen tame thy 1 ene ) 
Poly (oxycarbonyl-1 , 2 , 3- 1 rime thyloxytetramethyl ene) 
25 Poly (2-mercaptocarproic acid) 

Poly (4-methyl-2-mercaptocarproic acid) 
Poly (2-mercaptoacetic acid) 
Poly (2-methyl-2-mercaptoacetic acid) 
Poly (3-mercaptopropionoic acid) 

3 0 Poly (2-phthalimido-3-mercaptopropionoic acid) 

Poly [2- (p-toluenesulf onamido) -3-mercaptopropionic acid] 
Poly (thi odipr opi oni c anhydride) 
Poly (ethyl alpha-cyanocinnamate) 
Poly ( cinnamoni trile ) 
35 Poly (alpha-cyanocinnamonitrile) 
Poly (N-methyl citraconimide) 
Poly (methyl alpha-acetyl crotonate ) 
Poly (ethyl alpha-carbethoxy crotonate) 
Poly ( ethyl alpha-chlorocrotonate ) 

4 0 Poly (ethyl alpha-cyanocrotonate) 

Poly (methyl alpha-methoxycrotonate) 
Poly (methyl alpha-methylcrotonate) 
Poly (ethyl crotonate) 
Poly (diethyl fumarate) 

5 

Poly (vinyl acetalacetate) 

Poly (vinyl chloroacetate) 

Poly (vinyl dichloroacetate ) 

Poly (vinyl trichloroacetate) 
0 Poly (trif luorovinyl acetate) 

Poly (propenyl acetate) 

Poly (2-chloropropenyl acetate) 

Poly (2-methylpropenyl acetate) 

Poly (vinyl chloroacetate) 
5 Poly (vinyl benzoate) 

Poly (p-t-butylvinyl benzoate) 

Poly(vinyl 4-chlorobenzoate) 
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Poly (vinyl 3 -trirnethylsilylbenzoate) 

Poly (vinyl 4-trimethylsilylbenzoate) 

Poly (p-acryloyloxyphenyl benzoate) 

Poly (vinyl butyrate) 
5 Poly (vinyl 1 , 2-phenylbutyrate ) 

Poly (vinyl caproate) 

Poly (vinyl cinnamate) 

Poly (vinyl decanoate) 

Poly (vinyl dodecanoat e } 
10 Poly (vinyl formate) 

Poly (methyl allyl fumarate) 

Poly (vinyl hexanoate) 

Poly ( vinyl 2 - e thy lhexanoate ) 

Poly ( vinyl hexadeconoa te ) 
15 Poly (vinyl isobutyrate) 

Poly (vinyl isocaproate) 

Poly (vinyl laurate) 

Poly (vinyl myristate) 

Poly (vinyl octanoate) 
20 Poly (methyl allyl oxalate) 

Poly(octyl allyl oxalate) 

Poly ( 1-vinyl-palmitate) 

Poly ( t -butyl - 4 -vinyl perbenzoate ) 

Poly (vinyl propionoate ) 
25 Poly (vinyl pivalate) 

Poly (vinyl stearate) 

Poly ( 2 -chloropropenyl acetate ) 

Poly (vinyl hendecanoate) 

Poly (vinyl thioacetate) 
3 0 Poly (vinylhydroquinone dibenzoate) 

Poly (vinyl isocyanate) 

Poly (N- vinyl -ethyl carbamate) 

Poly (N-vinyl-t -butyl carbamate) 

Poly (N,N-diethyl vinyl carbamate) 
3 5 Poly (2-chloro-propenyl acetate) 

Poly (vinylhydroquinone dibenzoate) 

Poly (ethyl trans-4-ethoxy-2 , 4-pentadienoate) 

Poly ( trial lyl citrate) 

Poly (vinyl 12-ketostearate) 
40 Poly (vinyl 2-ethylhexanoate) 

Poly (vinylene carbonate) 

Poly ( divinyl adipate ) 

Poly (vinyl hexadecanoate) 

Poly (vinyl pelargonate) 
45 Poly (vinyl thioisocyanate) 

Poly (vinyl valerate) 

Poly (diallyl-beta-cyanoethylisocyanurate) 
Poly (dial lylcyanamide) 
Poly ( triallyl citrate) 
50 Poly (triallyl cyanurate) 

Poly (triallyl isocyanurate) 

Poly [3- ( 1-cyclohexenyl) isopropenyl acetate) 
Poly ( isopropenyl acetate ) 
Poly ( isopropenyl isocyanate) 
55 Poly (vinyl diethyl phosphate) 
Poly (allyl acetate) 
Poly (vinyl phenyl isocyanate) 
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Poly (benzylvinylether ) 

Poly ( butylvinylether ) 

Poly (2-methylbutylvinylether) 

Poly ( sec-butylvinylether ) 
5 Poly ( 1-methyl-sec-butylvinylether) 

Poly ( t-butylvinylether ) 

Poly (butyl thioethylene) 

Poly (l-butoxy-2-chloroethylene) , cis 

Poly (l-butoxy-2~chloroethylene) , trans 
10 Poly (l-chloro-2-isobutoxyethylene) , trans 

Poly (l-isobutoxy-2-methylethylene) , trans 

Poly (ethylvinyl ether) 

Poly (2-chloroethylvinyl ether) 

Poly (2-bromoethylvinyl ether) 
15 Poly (vinylbutyl sulfonate) 

Poly (2-methoxyethylvinyl ether) 

Poly (2 , 2 , 2-trif luoroethylvinyl ether) 

Poly (isobutylvinylether) 

Poly (isopropylvinylether) 
2 0 Poly (methylvinylether ) 

Poly (octylvinyl ether) 

Poly (alpha-methylvinylether) 

Poly { n-penty 1 vinylether ) 

Poly (propyl vinyl ether ) 

2 5 Poly ( 1 -methylpropylvinylether ) 

Poly ( decylvinyl ether ) 
Poly (dodecyl vinyl ether) 
Poly ( isobutylpropenyl ether) 
Poly (cyclohexyloxyethylene) 

3 0 Poly (hexadecyloxye thy lene ) 

Poly ( octadecyloxye thy lene ) 
Poly (1-bornyloxyethylene) 
Poly ( 1-cholesteryloxyethylene) 

Poly (1,2-5, 6-diisopropylidene-alpha-D-glucof uranosyl-3- 

3 5 oxye t hy 1 ene ) 

Poly ( 1 -menthyloxyethylene ) 

Poly ( 1 -alpha-me thylbenzyloxyethylene ) 

Poly [3 -beta- ( styryloxy) methane] 

Poly (2-phenylvinyl 2-methylbutyl ether) 

4 0 Poly (2-phenylvinyl 3 -methylpentyl ether) 

Poly[ ( 2 -ethylhexyloxy) ethylene] 
Poly ( ethyl thioethylene ) 
Poly (dodecaf luorobutoxy ethylene) 
Poly (2 , 2 , 2-trif luoroethoxytrif luoroethylene) 
45 Poly [1, 1-bis ( trif luoromethoxy ) dif luoroethylene] 
Poly ( 1 , 1-dif luoro-2-trif luoromethoxymethylene) 
Poly (1,2 -di f luor o- 1 - tr i f luorome thoxymethylene ) 
Poly ( hexaf luoromethoxyethylene ) 
Poly [ (heptaf luoro-2-propoxy) ethylene] 

5 0 Poly (hexyl oxye thy lene) 

Poly ( isobut oxye thy lene ) 
Poly (isopropenyl methyl ether) 
Poly ( isopropoxyethylene ) 
Poly (met hoxy ethylene) 
55 Poly (2-methoxypropylene) 

Poly (2,2 -dimethylbutoxyethylene ) 
Poly (methylthioethylene ) 
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Poly (neopentyloxyethylene) 

Poly ( octyloxyethylene ) 

Poly (pentyloxyethylene) 

Poly (propoxyethylene ) 
5 Poly (1-acetyl-l-f luoroethylene) 

Poly (4-bromo-3-methoxybenzoylethylene) 

Poly ( 4 - t -butylbenzoylethylene ) 

Poly (4-chlorobenzoylethylene) 

Poly (4-ethylbenzoylethylene) 
10 Po ly ( 4 - i sopr opylbenzoy le t hyl ene ) 

Poly ( 4 -methoxybenzoy lethylene ) 

Poly (3 , 4-dimethylbenzoylethylene) 

Poly (4-propylbenzoylethylene) 

Poly (p-toluoylethylene) 
15 Poly (vinyl isobutyl sulfide) 

Poly (vinyl methyl sulfide) 

Poly (vinyl phenyl sulfide) 

Poly (vinyl ethyl sulfoxide) 

Poly (vinyl ethyl sulfide) 

20 

Poly (t -butyl vinyl ketone) 
Poly (isopropenyl methyl ketone) 
Poly (methyl vinyl ketone) 
Poly (phenyl vinyl ketone) 

2 5 Poly (2-methylbutyl vinyl ketone) 

Poly (3-methylpentyl vinyl ketone) 
Poly ( isopropenylisocyanate) 
Poly (vinyl chloromethyl ketone) 
Poly (vinyl 2-chlorocyclohexyl ketone) 

3 0 Poly (vinyl 4-chlorocyclohexyl ketone) 

Poly ( 2 -chloroacetaldehyde ) 

Poly (2 , 2-dichloroacetaldehyde) 

Poly (2 , 2 , 2-trichloroacetaldehyde) 
3 5 Poly (2-butene oxide) 

Poly (2-methyl-2-butene oxide) 

Poly (butadiene oxide) 

Poly ( butyraldehyde ) 

Poly ( crotonaldehyde ) 
40 Poly ( valeraldehyde ) 

Poly (1, 3-cyclobutyleneoxymethylene oxide) 

Poly [(2,2,4, 4-tetramethyl ) -1 , 3-cyclobutyleneoxymethylene 
oxide] 

Poly (decamethylene oxide) 
45 Poly (dodecame thy lene oxide) 

Poly (ethylene trimethylene oxide) 

Poly (1, 1-bischloromethyl -ethylene oxide) 

Poly (bromomethyl-ethylene oxide) 

Poly ( t-butyl-ethylene oxide) 
50 Poly (chloromethyl-ethylene oxide) 

Poly (1, 2-dichlorornethyl-ethyl ene oxide) 

Poly (1-f luoroethylene oxide) 

Poly (isopropyl-ethyl ene oxide) 

Poly (neopentyl -ethylene oxide) 
55 Poly (tetraf luoro-ethylene oxide) 

Poly ( tetramethyl-ethylene oxide) 

Poly (e thy leneoxymethy lene oxide) 
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Poly (hept aldehyde) 

Poly (hexame thyl ene oxide) 

Poly (hexamethyleneoxymethylene oxide) 
Poly (isobutylene oxide) 
5 Poly ( isobutyraldehyde ) 
Poly (isophthalaldehyde) 
Poly (isopropylidene oxide) 
Poly ( isovaleraldehyde ) 

Poly (methyleneoxypentamethyl ene oxide) 
10 Poly (methyleneoxytetramethylene oxide) 
Poly (methyl eneoxynonamethylene oxide ) 
Poly (methyleneoxyoctamethylene oxide) 

Poly (methyl eneoxytetradecamethylene oxide) 
Poly ( nonaldehyde ) 
15 Poly (decame thy lene oxide) 
Poly (nonamethylene oxide) 
Poly (octamethylene oxide) 
Poly ( trimethylene oxide) 

Poly (3, 3 -bisazidomethyl -trimethylene oxide) 
20 Poly (3, 3-bischloromethyl-trimethylene oxide) 
Poly (3, 3-bisbromomethyl -trimethylene oxide) 
Poly (3 , 3-bisethoxymethyl- trimethylene oxide) 
Poly (3, 3 -bisiodomethyl- trimethylene oxide) 
Poly (2,2 -bi s tr i f luoromethyl - tr ime thyl ene oxide ) 

2 5 Poly (3, 3 -dimethyl- trimethylene oxide) 

Poly (3 , 3 -diethyl -trimethylene oxide) 
Poly <3-ethyl-3 -methyl -trimethylene oxide) 
Poly ( caprylaldehyde ) 
Poly (propionaldehyde) 

3 0 Poly ( 3 -methoxycarbony 1 -propi onaldehyde ) 

Po 1 y ( 3 - cyano -pr op i ona 1 dehyde ) 

Poly (propylene oxide) 

Poly (2 -chloromethyl -propylene oxide) 

Poly [3- (1-naphthoxy) -propylene oxide] 

35 Poly [3- (2-naphthoxy) -propylene oxide] 
Poly (3-phenoxy-propylene oxide) 
Poly[3- (o-chloro-phenoxy) propylene oxide] 
Poly [3- (p-chloro-phenoxy) propylene oxide] 
Poly [3- ( dimethyl -phenoxy) propylene oxide] 

40 Poly [ 3 - ( o-isopropyl -phenoxy ) propylene oxide] 
Poly [3- (p-methoxy-phenoxy) propylene oxide] 
Poly [3- (m-methyl -phenoxy) propylene oxide] 
Poly [3- (o-methyl -phenoxy) propylene oxide] 
Poly [3- (o-phenyl -phenoxy) propylene oxide] 

45 Poly [3- (2, 4, 6-trichloro-phenoxy ) propylene oxide] 
Poly (3 , 3 , 3-trif luoro-propylene oxide) 
Poly (tetramethyl ene oxide) 
Poly ( eye lopropylidenedime thy lene oxide) 
Poly(styrene oxide) 

50 Poly (allyloxyme thyl ethyl ene oxide) 
Poly(butoxymethylethylene oxide) 
Poly (butylethylene oxide) 
Poly (4-chlorobutylethylene oxide) 
Poly ( 2 -chloroethylethylene oxide ) 

55 Poly (2-cyanoethyloxymethylene oxide) 
Poly (t -butylethylene oxide) 

Poly (2,2 -bischloromethyl trimethylene oxide ) 
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Poly (decylethylene oxide ) 
Poly (ethoxymethylethylene oxide) 
Poly (2 -ethyl -2 -chloromethyl trimethylene oxide) 
Poly (ethylethylene oxide) 
5 Poly [1- (2,2,3,3, -tetraf luorocyclobutyl ) ethylene oxide) 
Poly (octaf luorotetramethylene oxide) 
Poly [ 1- (heptaf luoro-2-propoxymethyl ) ethylene] 
Poly (hexyl ethylene oxide) 
Polyf ( hexyl oxymethyl ) ethylene oxide] 
10 Poly (methyl eneoxy- 2 ,2,3,3,4, 4-hexaf luoro-pentamethylene 
oxide) 

Poly (methyl eneoxy- 2 ,2,3,3,4,4,5, 5-octaf luoro-hexamethylene 
oxide) 

Poly (1, 1-dirnethylethylene oxide) 
15 Poly (1,2 -dimethylethylene oxide) 

Poly (1 -methyl trirnethylene oxide) 

Poly (2 -methyl trimethylene oxide) 

Poly (methyleneoxytetramethylene oxide) 

Poly (octadecylethylene oxide) 
2 0 Poly ( trif luoropropylene oxide) 

Poly ( 1 , 1-dif luoroethyliminotetraf luoroethylene oxide) 

Poly ( tri f luoromethyliminotetraf luoro oxide ) 

Poly (1, 2 -hexyl ene oxide) 

Poly (ethylenethioethylene oxide) 

25 

Poly (dif luoromethylene sulfide) 

Poly (methylenethiotetramethylene sulfide) 

Poly (1-ethylethylene sulfide) 

Poly (ethylmethylethylene sulfide) 
30 Poly (2-ethyl-2-methyltrimethylene sulfide) 

Poly (ethylene. trimethylene . sulfide) 

Poly (t-butylethylene sulfide) 

Poly (isopropylethylene sulfide) 

Poly (hexamethylene sulfide) 
35 Poly (1, 2-cyclohexylene sulfide) 

Poly (1 , 3 -cyclohexylene sulfide) 

Poly (1 , 2-cyclohexylene sulfone) 

Poly (1 , 3 -cyclohexylene sulfone) 

Poly (hexamethylene sulfone) 
4 0 Poly (pentamethylene sulfide) 

Poly (pentamethylene sulfone) 

Poly (propylene sulfide) 

Poly ( isobutylene sulfide) 

Poly (isopropylidene sulfide) 
45 Poly (2-butene sulfide) 

Poly (hexamethylenethiopentamethylene sulfide) 

Poly (hexamethylenethiotetramethylene sulfide) 

Poly { trimethylene sul fide ) 

Poly ( 1 -methyl trimethylene sulfide) 
50 Poly (3-methyl-6-oxo-hexamethylene sulfide) 

Poly ( l-methyl-3-oxo-trimethylene sulfide) 

Poly ( 6-oxohexamethylene sulfide) 

Poly (2 , 2 -dimethyl -trimethylene sulfide) 

Poly (trimethylene sulfone) 
55 Poly (2 , 2 -dimethyl trimethylene sulfone) 

Poly (2,2 -diethyl trimethylene sul f one ) 

Poly ( 2 , 2 -dipentyl trimethylene sul f one ) 
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Poly (tetramethylene sulfide) 
Poly (tetramethylene sulfone) 
Poly ( ethyl enethiohexamethylene sul fide ) 
Poly ( ethylenethiotetramethylene sulfide ) 
5 Poly (pentamethylenethiotetramethylene sulfide) 
Poly (tetramethylene sulfide) 
Poly (decamethylene sulfide) 
Poly(p-tolyl vinyl sulfoxide) 

10 Poly (decamethylene disulfide) 

Poly (heptamethylene disulfide) 

Poly (hexamethylene disulfide) 

Poly (nonamethylene disulfide) 

Poly (octamethylene disulfide) 
15 Poly (pentamethylene disulfide) 

Poly (octamethylenedithiotetramethylene disulfide) 
Poly ( oxye thylenedi thi oethy 1 ene ) 

Poly (oxyethylenetetrathioethylene) 
Poly ( dime thylket ene ) 

20 

Poly ( thiocarbonyl-3-methylpentamethylene) 
Poly (thiocarbonyl-2-methylpentamethyl ene) 
Poly ( thiocarbonyl-l-methylethylene) 

Poly ( thiocarbonyl - 1 -p-me thoxybenzenesul f onyl ethylene ) 
25 Poly ( thiocarbonyl -1-tosylaminoethylene) 

Poly (thiocarbonyl-l-p-chlorobenzenesulfoamidoethylene) 

Poly (butylethylene amine) 

Poly (ethylethylene amine) 
30 Poly (isobutylethyl ene amine) 

Poly (1 , 2 -diethyl ethyl ene amine) 

Poly ( 1 -butyl -2 -ethylethylene amine ) 

Poly ( 2 -ethyl - 1 -pentyle thyl ene ) 

Poly (N-formyl-isopropylethylene) 
35 Poly (isopropylethylene amine) 

Poly (N-formylpropylene amine) 

Poly (ethylene trimethylene amine) 

Poly (N-acetyl-ethyl ene amine) 

Poly (N-benzoyl -ethylene amine) 
40 Poly [N- (p-chloro-benzoyl) -ethylene amine] 

Poly (N-butyryl-ethylene amine) 

Poly[N- [4- (4-methylthiophenoxy) -butyryl ] -ethylene amine] 

Poly(N-cyclohexanecarbonyl-ethylene amine) 

Poly (N-dodecanoyl -ethylene amine) 
45 Poly (N-heptanoyl -ethylene amine) 

Poly (N-hexanoyl -ethylene amine) 

Poly (N-isobutyryl-ethylene amine) 

Poly (N-isovaleryl -ethylene amine ) 

Poly (N-octanoyl-ethylene amine) 
50 Poly (N-2-naphthoyl-ethylene amine) 

Poly (N-p-toluoyl-ethylene amine) 

Poly (N-perf luorooctaoyl-ethylene amine) 

Poly (N-perf luoropropionyl -ethyl ene amine ) 

Poly (N-pivaloyl -ethylene amine) 
55 Poly (N-valeryl-ethylene amine) 

Poly (trimethylene amine) 
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Polysilane 

Poly (di-N-hexyl-silane) 

Poly (di-N-pentyl-silane) 

Poly (vinyltriethoxysilane) 
5 Poly (vinyl trimethoxysi lane) 

Poly ( vinyl trimethylsilane) 

Poly (vinyl methyldiacetoxysilane) 

Poly (vinyl methyldiethoxysilane) 

Poly ( vinylphenyldimethylsilane) 
10 Polysiloxane 

Poly (diethylsiloxane ) 

Po ly ( dimethyl s i 1 oxane ) 

Po ly ( dipheny 1 s i 1 oxane ) 

Poly (dipropyl si 1 oxane) 
15 Poly (pentaphenyl-p-toluyltrsiloxane) 

Poly (phenyl -p-toluylsiloxane) 

Poly ( ph t hal ocyanina t o - s i 1 oxane ) 

Poly (propylmethylsiloxane) 

Po ly ( e thy lme thy 1 s i 1 oxane ) 
20 Poly (methyloctylsiloxane) 

Poly (3 , 3 , 3-trif luoropropylrnethylsiloxane) 

Po ly ( viny lme t hy 1 s i loxane ) 

Polysilylene 

Po ly ( dime thy 1 s i ly lene ) 

2 5 Poly ( diphenyl s i ly lene ) 

Poly (dimethyldiallylsilane) 

Poly[oxydi (pentaf luorophenyl ) silylenedi (oxydimethylsilylen 
e)] 

Poly [oxymethylchlorotetraf luorophenylsilylenedi (oxydimethy 
30 lsilylene) ] 

Poly (oxymethylpentaf luorophenylsilylene) 

Poly (oxymethylpentaf luorophenylsilyleneoxydimethylsilylene 
) 

Poly [oxymethylpentaf luorophenylsilylenedi (oxydimethylsilyl 

3 5 ene) ] 

Poly (oxymethyl-3 , 3 , 3-trif luoropropylsilylene) 
Poly ( oxymethylpheny 1 s i ly 1 ene ) 

Poly [ tri (oxydimethylsilyl ene) oxy (methyl ) trimethylsiloxysil 
ylene] 

40 Poly [tri ( oxydimethylsilyl ene) oxy (methyl) -2-phenyl- 
e thy lsilylene] 

Poly [ ( 4 - dimethyl aminophenyl) methyls ilylenetrimethyl ene] 
Poly [ ( 4-dimethylaminophenyl ) phenyl sily lene trimethylene] 
Poly [ (methyl ) phenylsilylenetrimethylene] 
45 Poly (1, 1 -dimethyl silazane) 

Poly (dimethyl sily lene trimethylene) 
Poly (di-p-tolylsilylenetrimethylene) 

Poly (phosphazene) 
50 Poly (bis-beta-naphthoxy-phosphazene) 

Poly (bis -phenoxy-phosphaz ene ) 

Poly (di-p-methyl-bis-phenoxy-phosphazene) 

Poly (di-p-chloro -bis -phenoxy-phosphazene) 

Poly (di-2 , 4-dichloro-bis-phenoxy-phosphazene) 
55 Poly (di-p-phenyl -bis -phenoxy-phosphazene) 

Poly ( di -m- tr i f luoromethyl -phosphazene ) 

Poly (di -methyl -phosphazene) 
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Poly (dichloro-phosphazene) 

Poly (diethoxy-phosphazene) 

Poly [bis ( ethylamino ) phosphazene ] 

Poly [bis (2 , 2 , 2- trif luoroethoxy) phosphazene] 
5 Poly [bis ( 3 - tri f luoromethylphenoxy ) phosphazene ] 

Poly [bis ( 1H, lH-pentadecaf luorooctyloxy ) phosphazene ] 

Poly [bis ( 1H, lH-pentaf luoropropoxy) phosphazene] 

Poly (dime thoxy-phosphazene) 

Poly [bis (phenylamino ) phosphazene 3 
10 Poly [bis ( piper idino) phosphazene] 

Poly (die thy lpropenyl phosphate) 

Poly (diethylisopropenyl phosphate) 

Poly [vinyl bis (chloroethyl) phosphate] 

Poly (vinyldiethyl phosphate) 
15 Poly (vinyldiethyl phosphate) 

Poly (vinyldiphenyl phosphate) 

Poly ( alpha -bromovinyl diethyl phosphonate) 

Poly (alpha-carboethoxyvinyl diethyl phosphonate) 

Poly (alpha-carbomethoxyvinyl diethyl phosphonate) 
2 0 Poly (isopropenyl dimethyl phosphonate) 

Poly [vinyl bis (2 -chloroethyl ) phosphonate] 

Poly (vinyl dibutyl phosphonate) 

Poly (vinyl diethyl phosphonate) 

Poly ( vinyldiisobutyl phosphonate) 
25 Poly (vinyl diisopropyl phosphonate) 

Poly (vinyl dimethyl phosphonate) 

Poly (vinyl diphenyl phosphonate) 

Poly (vinyl dipropyl phosphonate) 

Poly [ 2- (4-vinylphenyl) ethyl diethyl phosphonate) 
30 Poly(4-vinylphenyl diethyl phosphonate) 
Poly (diphenyl vinyl phosphine oxide) 
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Any of the hydrophilic blocks of various chemistry 
and formula weight of the amphiphilic copolymers useful in 
the present invention can be used in combination with any 
of the hydrophobic blocks of various chemistry and formula 
5 weight, either in particles having a hydrophilic, 

crosslinked shell domain and a hydrophobic core domain, or 
in particles having a hydrophobic, crosslinked shell 
domain and a hydrophilic core domain, as long as the 
various blocks are chemically compatible in combination to 

10 form particles of the present invention and are physically 
conducive to forming micelles. 

Amphiphilic copolymers useful in the present 
invention can have a molecular weight in the range of from 
about 2,00 0 to about 1,000,000, preferably from about 

15 5,000 to about 500,000, more preferably from about 10,000 
to about 2 00, 000 . 

Amphiphilic copolymers useful in the present 
invention can have a hydrophilic/lipophilic balance in the 
range of from about 0.001 to about 100, preferably from 

20 about 0.01 to about 100, more preferably from about 0.1 to 
about 10, and still more preferably from about 0.2 to 
about 5 . 

In one preferred embodiment of the present invention, 
the amphiphilic copolymer comprises a diblock, triblock, 

25 or multiblock copolymer, preferably a diblock or triblock 
copolymer, more preferably a diblock copolymer. A 
particularly preferred embodiment comprises a diblock 
copolymer wherein one block comprises polystyrene. 
Another particularly preferred embodiment comprises a 

30 diblock copolymer wherein one block comprises poly((4- 

vinyl-N- (4 ' -methyl s tyrene ) pyridinium halide) -co- (4-vinyl- 
N-methyl (polyethyleneglycol ) pyridinium halide) -co- (4- 
vinylpyridine) ) , having the formula (II) : 
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wherein b is 1; d, e, f, and g are numbers from 1 to 
0 about 5,000, preferably from about 5 to about 2,000, more 
preferably from about 10 to about 1,000, still more 
preferably from about 20 to about 100; and X~ and Y~ are 
independently pharmaceutical^ or agronomically acceptable 
anions. The monomer repeat units can be located randomly 
5 throughout the block. 

Yet another particularly preferred embodiment 
comprises a diblock copolymer wherein one block comprises 
poly [styrene-b- ( (4 -vinyl -N- (4 1 -methylstyrene) pyridinium 
halide) -co- ( 4-vinyl-N-methyl ) polyethyleneglycol ) )pyridnium 
0 halide) -co- (4-vinylpyridine) ) ] and the second block 

comprises polystyrene, the diblock copolymer having the 
formula ( III ) : 
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Wherein a is a number from about 10 to about 5,000, 
and represents the average number of repeat units of a 
first block of the diblock copolymer; b is 1; d, e, f, and 
g are numbers from 1 to about 5,000, preferably from about 
5 to about 2,00 0, more preferably from about 10 to about 
1,000, still more preferably from about 20 to about 100; 
and X and Y are independently pharmaceutical^ 
acceptable anions. The monomer units in the hydrophilic 
block can be randomly mixed among each other. 
In a further example of the diblock copolymer of formula 
( HP , the ratio of the first block to the second block 
can, be in the range from about 0.5:3 to about 3:0.5, 
preferably from about 2:1 to about 1:2. In one 
particularly preferred example, the ratio of the first 
block to the second block is 
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about 1:1.2. The formula weight of the first block can, 
for example, be from about 2,000 to about 10,000, 
preferably from about 3,000 to about 7,000, more 
preferably from about 4,000 to about 6,00 0. The formula 
5 weight of the second block can, for example, be from about 
2,000 to about 10,000, preferably from about 3,000 to 
about 7,000, more preferably from about 4,000 to about 
6,000. In a particularly preferred example the formula 
weight of the first block is about 5,000 and the formula 
0 weight of the second block is about 6,000. 

In another particularly preferred example of the 
diblock copolymer of formula (III) , the ratio of the first 
block to the second block is about 1.9:1. The formula 
weight of the first block can, for example, be from about 
5 2,000 to about 15,000, preferably from about 3,000 to 
about 13,000, more preferably from about 4,000 to about 
10,000. The formula weight of the second block can, for 
example, be from about 2,000 to about 15,000, preferably 
from about 3,000 to about 13,000, more preferably from 
about 4,000 to about 10,000. In a particularly preferred 
example the formula weight of the first block is about 
8,000 and the formula weight of the second block is about 
4,000. 

In another particularly preferred embodiment, the 
amphiphilic copolymer can have the formula (IV) : 







k A 


rrr J n 


dV) 


Ph 




p 



wherein Ph is phenyl, k is a number from about 10 to 
about 5,000; m and n are numbers from 1 to about 10,000, 
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preferably from about 5 to about 4,000, more preferably 

from about 10 to about 2,000; p is a number from about 10 

to about 5,000; m and n are numbers from 1 to about 

10,000, preferably from about 5 to about 4,000, more 

5 preferably from about 10 to about 2,000; and R 1 and R 2 are 

substituents independently selected from the group 

consisting of hydroxy, alkoxy, halogen and acyloxy. 
12 

Preferably, R and R are independently hydroxy or 
methoxy, more preferably hydroxy. The monomer units in 
10 the hydrophilic block can be randomly mixed among each 
other. 

In another particularly preferred embodiment, the 
amphiphilic copolymer can have the formula (V) : 



20 




wherein a and R 1 are as defined above; and h is a number 
from 1 to about 10,000, preferably from about 5 to about 
4,000, more preferably from about 10 to about 2,000 

In yet another particularly perf erred embodiment, the 
amphiphilic copolymer can have the formula (VI) : 



30 




35 



wherein k, m, n, p, and R 1 are as defined above, 
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Methods of P reparing Particles of the Present Invention 

Particles of the present invention can be prepared in 
5 a variety of different ways. For example, one method of 
producing particles of the present invention comprises 
providing a plurality of amphiphilic copolymers comprising 
reactive functionalities, organizing the amphiphilic 
copolymers to produce a micellar assembly of the 
0 copolymers, and intramicellarly crosslinking the 

peripheral blocks of the amphiphilic copolymers of the 
micellar assembly to produce an amphiphilic particle 
comprising a crosslinked shell domain, which can be 
permeable, and an interior core domain. 

Another method of producing particles of the present 
invention comprises providing a plurality of amphiphilic 
copolymers comprising reactive functionalities, organizing 
the amphiphilic copolymers to produce a micellar assembly 
of the copolymers containing peripheral blocks and 
interior blocks, and separately intramicellarly 
crosslinking the peripheral blocks and interior blocks of 
the amphiphilic copolymers of the micellar assembly to 
produce an amphiphilic particle comprising a crosslinked 
shell domain, which can be permeable, and a crosslinked 
interior core domain. 

The organizing step in these methods of preparation 
of particles of the invention can be performed in a number 
of different ways. For example, the amphiphilic 
copolymers can self -assemble by placing them in an 
appropriate concentration in a solvent system effective in 
orienting the amphiphilic copolymers into micelles. The 
appropriate concentration of amphiphilic copolymers in 
this step can be from about 0.001 mg/mL to about 10 mg/mL, 
preferably from about 0.01 mg/mL to about 1 mg/mL, more 
preferably from about 0.1 mg/mL to about 0.5 mg/mL. 
Alternatively, active processes such as, for example, 
applying energy via heating, sonication, shearing, etc., 
can be employed to aid in orienting the amphiphilic 
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copolymers forming the micelles. 

The solvent system in these methods of preparation 
can predominantly comprise a hydrophilic solvent. For 
example the hydrophilic solvent system can be selected 
5 from the group consisting of acetaldehyde , acetic acid, 
acetone, aniline, benzyl alcohol, butanol , chloroethanol , 
cyclohexanol, di (ethylene glycol ) , diglyme, N,N- 
dimethylformamide, dimethylsulf oxide, dioxane, ethanol, 
ehtylene glycol, formamide, hexa (ethylene glycol), 

10 methanol, methyl acetate, 2 -methyl - 1 -propanol , 

nitromethane, octanol, penta (ethylene glycol ) , pentanol , 
picoline, propanol, isopropanol, pyridine, 
tetrahydrofuran, tetra (ethylene glycol } , tri (ethylene 
glycol), water, and the like, and mixtures thereof. 

15 Preferably, the hydrophilic solvent system predominantly 
comprises water. 

The method employing a predominantly hydrophilic 
solvent system can be used to prepare particles wherein 
the crosslinked shell domain, which can be permeable, is 

20 hydrophilic. 

Alternatively, the solvent system can predominantly 
comprise a hydrophobic solvent . For example the 
hydrophobic solvent system can be an alkane, an alkene, an 
aromatic solvent, an aliphatic solvent, a chlorinated 
solvent, an aldehyde, a ketone, a nitrile, an ester, an 
alcohol, an aniline, a sulfide, an ether, a siloxane, a 
silane, a heterocycle, or the like, and combinations 
thereof . 

For example, the hydrophobic solvent can be 
acetaldehyde, acetone, acetonitrile , acetyl acetone, amyl 
acetate, n-amyl alcohol, fcert-amyl alcohol, aniline, 
benzene, 2-butanone, butyl acetate, butyl benzene, 
butyl eye lohexane, carbon disulfide, carbon tetrachloride, 
chlorobenzene, chlorobutane, chloroform, chloromethane , 
35 chloropropane, chloropentane , chlorotoluene, cumene, 

cycloheptane, cyclohexane, cyclohexanol, cyclohexanone , 
cyclohexene, cyclooctane, cyclopentane, 
decahydronaphthalene, decene, decnol , dichlorobenzene. 



25 
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dichloroethane, dichloromethane , diglyme, N,N- 
dimethylfomr amide, 2, 6 -dimethyl- 4 -heptnaone, 
dime thy lhexane, dimethylpentane, dimethylpropane, 
dimethylsulf oxide, dioxane, dodecane, ethyl acetate, ethyl 
5 benzene, ethyl ether, ethylpentane , f luorobenzene , glyme, 
heptane, heptanol , heptanone, hexamethyldisiloxane, 
hexane, hexadecane, hexanol, hexanone, isoamyl acetate, 
isopropyl ether, mesitylene, methylbutane , 
methylcyclohexane, methylheptane , methylhexane, 
10 methylpentane, 4-methyl-2-pentanon e/ methylpropane, N- 
methylpyrrolidinone, naphthalene, nitrobenzene, 
nitroethane, nonane, octane, octanone, pentane, picoline, 
propylacetate, tetrachloroethylene , tetradecane, 
tetrahydrofuran, tetrahydronaphthalene, tetramethylhexane , 
15 toluene, trichloroethane , trichloroethylene, 

trimethylpentane, undecane, xylene, or the like, and 
combinations thereof. 

The method employing a predominantly hydrophobic 
solvent system can be used to prepare particles wherein 
20 the crosslinked shell domain, which can be permeable, is 
hydrophobic . 

It should be noted that the terms "hydrophilic " and 
"hydrophobic" as applied to solvents herein are relative. 
This is to say that any particular solvent, or combination 

2 5 of solvents, can be "hydrophilic" or "hydrophobic" 

depending upon the particular amphiphilic copolymer region 
under consideration. 

A method for producing particles comprising 
amphiphilic copolymers wherein the particles comprise an 

3 0 outermost, crosslinked shell domain, which can be 

permeable, a series of additional crosslinked (permeable) 
domains, and a domain interior to each of the crosslinked 
domains, comprises providing a plurality of amphiphilic 
copolymers comprising reactive functionalities, organizing 
35 the amphiphilic copolymers to produce a micellar assembly 
of said copolymers, and separately intramicellarly 
crosslinking the blocks of the amphiphilic copolymers of 
the micellar assembly comprising the crosslinked 
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(permeable) domains via the reactive functionalities, 
thereby producing the particles. 

The crosslinked shell domain per se and the interior 
core domain per se of the particles of the present 
5 invention can each independently have a net neutral, 
positive, or negative charge. 

The methods of preparing the particles of the present 
invention employ amphiphilic copolymers, the blocks of 
which in either the crosslinked shell domain or the 
10 interior core domain can be independently or together 
either homogeneous or heterogeneous. 

A notable advantage of the methods for forming the 
particles disclosed herein is that these methods permit 
more precise compositional and architectural control over 
15 the particle products than is possible with other types of 
exotic polymers. 

Cro s s I inking 

In preparing particles of the present invention, 

2 0 crosslinking of the shell domain, the interior core 

domain, or both, can be achieved using a titrimetric 
crosslinking reagent. Preferably, the titrimetric 
crosslinking reagent is a bif unctional , trif unctional , or 
multifunctional crosslinking reagent. Any of the 
25 titrimetric crosslinking reagents listed in Table 5 can be 
used in the methods of preparation of this invention. 

Crosslinking of the hydrophilic or hydrophobic shell 
domain, or of the hydrophilic or hydrophobic interior core 
domain, of particles of the present invention can be 

3 0 achieved by a variety of means including, but not limited 

to, condensation reactions, addition reactions, or chain 
polymerization reactions. Useful chain polymerization 
reactions include cationic chain polymerization, anionic 
chain polymerization, radical chain polymerization, and 
35 ring opening chain polymerization. Crosslinking can be 
achieved in a number of ways, including photochemically , 
spontaneously, by addition of a chain polymerization 
initiator, and by addition of titrimetric crosslinking 
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reagents . 

Titrimetric crosslinking reagents can have a variety 
of functional groups useful in reacting with 
functionalities on the amphiphilic copolymers. Such 
5 useful functional groups include nucleophilic groups, 
electrophilic groups, and groups which participate in 
pericyclic reactions. 

In Table 5, R , R , and R can independently be 
alkanediyl, ether, polyether, polyoxyethylene, amine, 
10 polyalkyleneimine, polyethyleneimine , arene diyl , ester, 
polyester, amide, polyamide, carbonate, polycarbonate, 
saccharide, or polysaccharide, and X is a halogen. 
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Table 5. Titrimetric Crosslinking Reagents Useful in the 

Present Invention 



0,N 



HO R — OH 



H,N R x — NH, 



H0 2 C R y O R x — O R z CO,H 



OCN R x NCO 



OHC R x — CHO 



CI(0)C R x — C(0)C1 



CI(0)CO R x — OC(0)Cl 



0 O 

♦ , * 

F-,C S O R — O S CF, 

1 I 

O o 
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II . II 

O C O R — O C O 
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Other titrimetric crosslinking reagents can, for 
example, include multifunctional compounds such as 
5 polyols, polyamines, polyethyleneglycol multiarm stars, 
polycarboxylic acids, polycarboxylic acid halides, 
polyisocyanates, polymeric aromatic isocyanates, 
polyalkylhal ides , polysul f onates , polysul fates , 
polyphosphonates , polyphosphates, alkyldiamines , 

10 alkanediols, ethanolamine, poly (oxyethylene) , amino- 
substituted poly ( oxyethylene ) , diamino-substituted 
poly (oxyethylene) , poly ( ethyl eneimine ) , polyamino- 
substituted poly (oxyethylene) , amino-subst ituted alcohols, 
substituted dendrimers, and substituted hyperbranched 

15 polymers. 

Examples of compounds useful as radical chain 
polymerization initiators are listed in Table 6. One 
skilled in the art, of course, will after reading this 
disclosure recognize that many other radical chain 

20 initiators known in the art can also be used in this 
invention. 
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Table 6. Radical Chain Polymerization Initiators 



ethyl peroxide 

2 . 4- pentanedione peroxide 
5 propyl peroxide 

isopropyl peroxide 
allyl tert-butyl peroxide 
dimethyl aminome thy 1 tert-butyl peroxide 
tert-butyl peroxide 
10 sec-butyl peroxide 
butyl peroxide 

1-hydroxybutyl-n-butyl peroxide 

1-hydroxyisobutyl-isobutyl peroxide 

1-hydroxyisobutyl-l-d-isobutyl-l , l-d 2 peroxide 
15 dimethylaminomethyl tert-amyl peroxide 

diethylaminomethyl tert-butyl peroxide 

tert-amyl peroxide 

apocamphane - 1 - f ormy 1 peroxide 

2 , 2 -bis ( tert-butyl -per oxybutane) peroxide 
2 0 1 -hydroxy- 1 -hydroperoxydi eye 1 ohexy 1 

diisopropylaminomethyl tert-amyl peroxide 

1-phenylethyl tert-butyl peroxide 

tert-butyl- a -cumyl peroxide 

1 , 1-di- ( tert-butyl -per oxy) cyclohexaneethyl-3 , 3-di- { tert- 

2 5 butyl -peroxy) butyrate 

1- [4- (dimethyl amino) phenyl] ethyl tert-butyl peroxide 

2- [4- (dimethyl amino) phenyl] propyl tert-butyl peroxide 
1 , 1-di- ( tert-amylperoxy) cyclohexane 

2 . 5- dimethyl-2 , 5-di ( ter t-butylperoxy) -hexane 

3 0 2 , 5-dimethyl-2 , 5-di ( tert-butylperoxy) -hexyne 

n-butyl-4 , 4-bis ( tert-butylperoxy ) -valerate 

1 , 1-bis- ( tert-butylperoxy) -3,3, 5-trimethylcyclohexane 

cumyl peroxide 

bicyclo [2.2.2] octane-l-f ormyl peroxide 
35 a , a ' -bis ( tert-butylperoxy) diisopropyl benzene 

2 , 5-dimethyl-2 , 5-di- ( 2-ethyl-hexanoylperoxy ) hexane 

acetyl peroxide 

propionyl peroxide 

2-iodopropionyl peroxide 
40 perf luoropropionyl peroxide 

2,2,3, 3-tetraf luoropropionyl peroxide 

tert-butyl permaleic acid butyryl peroxide 

i sobu tyry 1 peroxide 

cyclopropane f ormyl peroxide 

4 5 diacetyl succinoyl diperoxide 

succinoyl peroxide 

acetyl benzoyl peroxide 

5 -bromo-2 - thenoyl peroxide 

4-bromo-2-thenoyl peroxide 
50 5-chloro-2-thenoyl peroxide 

a-chloropropionyl m-chlorobenzoyl peroxide 

cyclobutane formyl peroxide 

cyclopropane acetyl peroxide 

diacetyladipoyl diperoxide 
55 difuroyl peroxide 

2,2,3,3,4,4,5, 5-oc taf luoropentanoyl peroxide 
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perfluoro-2- (2-ethoxysulf inic acid) propionyl peroxide 
pivaloyl peroxide 

2 - thenoyl peroxide 

3 - thenoyl peroxide 

5 benzoyl isobutyryl peroxide 

m-chlorobenzoyl isobutyryl peroxide 

p-chlorobenzoyl isobutyryl peroxide 

p-f luorobenzoyl isobutyryl peroxide 

5-methyl-bis-2-thenoyl peroxide 
10 p-nitrobenzoyl isobutyryl peroxide 

P-allyloxpropionyl peroxide 

m-chlorobenzoyl peroxide 

2-mehtylbutanoyl peroxide 

cyclobutane acetyl peroxide 
15 cyclopentane formyl peroxide 

hexanoyl peroxide 

5-hexenoyl peroxide 

4- methoxybenzoyl isobutyryl peroxide 

4- methylbenzoyl isobutyryl peroxide 

2 0 4 -methyl -2 -thenoyl peroxide 

5 - me thyl -2 - thenoyl peroxide 
perfluoro-2 - f urnanacetyl peroxide 
perfluoro-2 -propoxypropionyl peroxide 
per f luoro-2 -n-propoxypropionyl peroxide 

25 perf luoro-2 -i -propoxypropionyl peroxide 

2- azidobenzoyl peroxide 
benzoyl peroxide 

3 - bromobenzoyl peroxide 

4 - bromobenzoyl peroxide 

3 0 4-tert-butylbenzoyl peroxide 

2- chlorobenzoyl peroxide 

3 - chlorobenzoyl peroxide 

4- chlorobenzoyl peroxide 
cyclohexane formyl peroxide 

35 cyclopentane acetyl peroxide 
diacetylsebacoyl diperoxide 

2 . 4- dichlorobenzoyl peroxide 

2,2,3,3,4,4,5,5,6,6,7,7 -dodecaf luoroheptanoyl peroxide 
heptanoyl peroxide 
40 6-heptenoyl peroxide 
2 - iodobenzoyl peroxide 

2- iodobenzoyl 4-ni trobenzoyl peroxide 

3- methylbenzoyl peroxide 

4- methylbenzoyl peroxide 
45 2-nitrobenzoyl peroxide 

3 - ni trobenzoyl peroxide 

4 - ni trobenzoyl peroxide 

3 . 5- dinitrobenzoyl peroxide 
perf luoroheptanoyl peroxide 

5 0 benzoyl phenylacetyl peroxide 

4- tert-butylbenzoyl isobutyryl peroxide 
3-cyanobenzoyl benzoyl peroxide 

3- methoxybenzoyl benzoyl peroxide 

4- methoxybenzoyl benzoyl peroxide 

55 4-methoxybenzoyl 3 -bromobenzoyl peroxide 

4-methoxybenzoyl 3 , 5-dinitrobenzoyl peroxide 
4-methoxybenzoyl 4-ni trobenzoyl peroxide 
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3 , 5-dibromo-4~methoxybenzoyl peroxide 
caprylyl peroxide 

p- (chloromethyl ) benzoyl peroxide 
3 - cyanobenzoyl peroxide 
5 4 -cyanobenzoyl peroxide 

cycloheptane formyl peroxide 
cyclohexane formyl peroxide 
2 -ethyl - 4 -methyl - 2 -pent enoyl peroxide 
2-ethylhexanoyl peroxide 
10 2-ethyl-2-hexenoyl peroxide 
2-iodophenylacetyl peroxide 

2 - methoxybenz oyl peroxide 

3- methoxybenzoyl peroxide 

4 - methoxybenz oyl peroxide 
15 2-methylbenzoyl peroxide 

3- methylbenzoyl peroxide 

4 - methlybenzoyl peroxide 
endo-norbornane-2 -carbonyl peroxide 
exo-norborane-2-carbonyl peroxide 

2 0 endo-norborene-5-carbonyl peroxide 
exo-norborene- 5 -carbonyl peroxide 
phenylacetyl peroxide 
triptoyl peroxide 
apocamphoyl peroxide 

2 5 cis-5- tert-butylcyclohexylf ormyl m-chlorobenzoyl peroxide 

trans-4- tert-butylcyclohexylf ormyl m-chlorobenzoyl 
peroxide 

5- te^rt-butylthenoyl peroxide 
cinnamoyl peroxide 

3 0 dibenzoyl succinoyl diperoxide 

nonanoyl peroxide 
isononanoyl peroxide 

2- nonenoyl peroxide 

3 - nonenoyl peroxide 

3 5 2-phenylpropionyl peroxide 

dibenzoyl itaconyl diperoxide 
dibenzoyl a -methyl succinoyl diperoxide 
decanoyl peroxide 

dioctanoyl a-bromosuccinoyl diperoxide 
40 dioctanoyl a-chlorosuccinoyl diperoxide 

4- ethyl-2-octenoyl peroxide 
dioctanoyl itaconoyl peroxide 
dioctanoyl a -methyl succinoyl diperoxide 

benzoyl 2- [trans-2- (3 -nitrophenyl ) vinyl] benzoyl peroxide 
45 benzoyl 2 ~[ trans-2 -( 4-nitrophenyl ) vinyl ] benzoyl peroxide 
benzoyl 2- [trans-2- (4-nitrophenyl) vinyl] -4-ni trobenzoyl 
peroxide 

benzoyl 2- [trans-2- (phenyl) vinyl ] benzoyl peroxide 
4-benzylidenebutyryl peroxide 

50 4- tert-butylbenzoyl peroxide 

cis-4- tert-butylcyclohexane formyl peroxide 
trans-4- tertbutylcyclohexane formyl peroxide 
trans-4- ( 4-chlorobenzylidene) -butyryl peroxide 
trans-4- (4-f luorobenzylidene) -butyryl peroxide 

55 1-naphthoyl peroxide 

4 -ni trobenzoyl -2 - [ trans-2 - ( 4-nitrophenyl ) vinyl ] benzoyl 
peroxide 
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2-phenylisovaleryl peroxide 
5-phenylpenta-2 , 4-dienoyl peroxide 
5-phenylpentanoyl peroxide 
dibenzoyl 2-bromosebacoyl diperoxide 
5 dioctanoyl 2-bromosebacoyl diperoxide 
lauroyl peroxide 

trans-4- (4-methoxybenzylidene) -butyryl peroxide 

trans -4- (4-methylbenzylidene) butyryl peroxide 

2-phenoxybenzoyl peroxide 
0 rnyristoyl peroxide 

menthylphthaloyl peroxide 

aliphatic polymeric diacyl peroxide 

2,2' -Azobis ( 4-methoxy-2 , 4-dimethylvaleronitrile) 

2,2' -Azobis (2 , 4-dimethyl-valeronitrile) 
5 ( 1 - Phenyl e t hy 1 ) a z odipheny lme thane 

2,2' -Azobisisobutyronitrile 

Dimethyl 2 , 2 ' -azobis-isobutyrate 

2,2' -Azobis (2-methyl-butyronitrile) 

1,1' -Azobis ( 1-cyclo-hexanecarbonitrile) 
0 2- (Carbamoylazo) -isobutyronitrile 

2,2' -Azobis (2,4, 4-trimethylpentane) 

2-Phenylazo-2, 4-dimethyl-4-methoxyvaleroni trile 

2,2' -Azobis (2-methylpropane) 

2,2' -Azobis (N, N' - 
5 dimethyleneisobutyramidine) dihydrochloride 

2,2' -Azobis (2-amidinopropane) dihydrochloride 

2,2' -Azobis (N,N' -dimethyleneisobutyramidine) 

4 , 4 ' -Azobis (4-cyanopentoic acid) 

2,2' -Azobis ( 2 -methyl -N- (1,1- 
) bis (hydroxymethyl) ethyl ) propionamide 

? ' 2 \ ~* 2 °{^ S | ? -methyl -N- {2 -hydroxyethyl ) propionamide 
2,2 -Azobis (isobutyramide)dihydrate 
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Initiators for radical polymerization 



Peroxide Group 

Ri — O— O— R 2 

? ? 

Ri — C— O— O—C— R 2 



Ri and R 2 can be any alkyl 
or aryl groups including the 
following examples: 
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Ri — N=N — R 2 
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Examples of compounds useful as anionic chain 
polymerization initiators are listed in Table 7. One 
skilled in the art, of course, will after reading this 
disclosure recognize that many other anionic chain 
5 initiators known in the art can also be used in this 
invention . 



Table 7. Compounds Useful as Anionic Chain Polymerization 

Initiators 

alkyl lithium compounds, including 
butyl lithium and sec-butyl 
lithium 
cumyl potassium 
lithium diphenylme thane 
lithium triphenylmethane 
lithium alkyldiphenylmethane compounds 
sodium a-methylstyrene 
0 sodium naphthalene 

potassium naphthalene 
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Examples of compounds useful as cationic chain 
polymerization initiators are listed in Table 8. One 
skilled in the art, of course, will after reading this 
disclosure recognize that many other cationic chain 
5 initiators known in the art can also be used in this 
invention. 

Table 8. Compounds Useful as Cationic Chain 
10 Polymerization Initiators 

Lewis acids, including A1C1 3 , BCI3, 
BF3 , borontri fluoride etherate, 
PF5, SbF 5 , plus trace amount of 
15 water. 

AICI3+ alkyl halides 

hydrogen iodide and iodine initiator 
system 

perchloric acid 
20 sulfuric acid 

phosphoric acid 

f luorosulf onic acid 

chlorosulf onic acid 

methanesul f onic acid 
2 5 trif luoromethanesulf onic aicd 

acetyl perchlorate 

perylene + electrolyte under oxidative 
conditions 

30 Alternatively, crosslinking of the shell domain, 

which can be permeable, the interior core domain, or both, 
can be achieved spontaneously or photochemically . It is 
possible to achieve spontaneous crosslinking by allowing 
partial hydrolysis and subsequent intramolecular and 

35 intermolecular reaction of pendant groups on the 

amphiphilic copolymer. For example, on an amphiphilic 
copolymer which contains pendant isocyanate groups, some 
pendant isocyanate groups can hydrolyze to pendant amine 
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groups which subsequently react with other pendant 
isocyanate groups to form crosslinking urea moieties. 

It is further within the scope of the present 
invention for the spontaneous or photochemical 
5 crosslinking to occur by a chain polymerization reaction, 
a pericyclic reaction, or a condensation reaction. The 
chain polymerization crosslinking reaction can also be 
initiated by a chain polymerization initiator. Chain 
polymerization initiators which are useful in the methods 
10 of this invention can, for example, be radical chain 

polymerization initiators, anionic chain polymerization 
initiators, cationic chain polymerization initiators, or 
mixtures thereof. Examples of radical chain 
polymerization initiators that can be used in the methods 
15 of this invention are listed in Table 6. When a polar 
solvent is used, it is preferable to use a polar radical 
chain initiator, such as 4 , 4 ' -azo-bis-cyanovaleric acid. 
When a non-polar solvent is used, it is preferable to use 
a nonpolar radical chain initiator, such as benzoyl 
20 peroxide or azo-bis-isobutyronitrile, preferably benzoyl 
peroxide. 

Examples of anionic chain polymerization initiators 
that can be used in the methods of this invention are 
listed in Table 7, preferably, n-butyl lithium or sec- 
25 butyl lithium, more preferably n-butyl lithium. 

Examples of cationic chain polymerization initiators 
that can be usee in the methods of this invention are 
listed in Table 8, preferably, a lewis acid plus trace 
water, more preferably aluminum trichloride plus trace 
3 0 water . 

The degree of crosslinking in the crosslinked shell 
domain of particles of the present invention can be in the 
range from about 0.1% to 100%, preferably from about 1% to 
about 80%, more preferably from about 10% to about 50%. 
35 The degree of crosslinking in the interior core domain of 
particles of the present invention can be in the range 
from about 0.1% to 100%, preferably from about 1% to about 
80%, more preferably from about 10% to about 50%. 
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Particle Sha pe. Size, and Anatomy 

The particles of the present invention can assume a 
5 variety of shapes, including spheres, cylinders, discs, 
needles, cones, vesicles, globules, rods, elipsoids, and 
any other shape that a micelle can assume under the 
conditions described herein, or any other shape that can 
be adopted through aggregation of the amphiphilic 
10 copolymers. 

The size of the particles can be larger than a 
micron, although sizes less than a micron are preferred. 
When the particles take the form of spheres, they can have 
a mean particle diameter from about 2 nm to about 10 00 nm, 
IB preferably from about 5 nm to about 200 nm, more 

preferably from about 10 nm to about 100 nm. When the 
particles take the form of cylinders or discs, they can 
have an aspect ratio from about 0.5 to abut 5,00 0, 
preferably from about 1 to about 500, more preferably from 

2 0 about 2 to about 50, still more preferably from about 2 to 

about 25. 

The thickness of the crosslinked shell domain of 
particles of this invention can be in the range from about 
0.2 nm to about 50 nm, preferably from about 1 nm to about 
25 20 nm, more preferably from about 3 nm to about 10 nm. 

When the particles of the invention have the shape of 
a sphere, the interior core domain can have a diameter in 
the range from about 1 nm to about 175 nm, preferably from 
about 5 nm to about 100 nm, more preferably from about 15 

3 0 nm to about 50 nm. 

When the particles of the invention have the shape of 
a cylinder or a disc, the interior core domain can have an 
aspect ratio in the range from about 0.5 to abut 5,000, 
preferably from about 1 to about 50 0, more preferably from 
35 about 2 to about 50, still more preferably from about 2 to 
about 25. 

The aggregation number of the amphiphilic copolymers 
which comprise the particles of this invention can be in 
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the range from about 1 to about 500, preferably from about 
10 to about 30 0, more preferably from about 20 to about 
200. 

The particles of the present invention can have an 
5 average molecular weight in the range from about 10,000 to 
about 5,000,000, preferably from abut 50,000 to about 
2,000,000, more preferably from about 100,000 to about 
1, 000, 000. 

The crosslinked, shell domain per se and the interior 
0 core domain per se of the particles of the present 
invention can each independently have a net neutral, 
positive, or negative charge. The net positive or 
negative charge can be counterbalanced by one or more 
counterions . 

5 The crosslinked, shell domain and the interior core 

domain of the particles of the present invention can each 
independently have a glass transition temperature in the 
range from about -70°C to the decomposition temperature of 
the crosslinked polymer. 

3 

Pharmaceutica l CompoBlfciona 

The present invention provides pharmaceutical 
compositions, comprising particles comprising amphiphilic 
copolymers, having a crosslinked shell domain, which can 
5 be permeable, and an interior core domain, or a 
pharmaceutically acceptable salt thereof, and a 
pharmaceutical ly acceptable carrier, excipient, or 
diluent . 

The pharmaceutical compositions can further comprise 
a pharmaceutically active agent. The pharmaceutically 
active agent can be contained within the particle. For 
example, the pharmaceutically active agent can be present 
in the particle dissolved in the crosslinked shell domain 
(which can be permeable) , or covalently attached to a 
component of the crosslinked shell domain, or in the form 
of a fine dispersion within the crosslinked shell domain, 
or on the surface of the crosslinked shell domain. 

Alternatively, the pharmaceutically active agent can 
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be present in the particle dissolved in the interior core 
domain, or covalently attached to a component of the 
interior core domain, in the form of a fine dispersion 
within the interior core domain, or on the surface of the 
5 interior core domain, or at the interface between the 
crosslinked shell domain and the interior core domain. 

The pharmaceutically active agent can also be present 
both in the crosslinked shell domain and in the interior 
core domain, or covalently attached to components of each 

10 domain, or in the form of a fine dispersion within each 
domain, or on the surface of each domain. 

The pharmaceutically active agent can be introduced 
to the particles of the present invention in a variety of 
different ways. For example, in the process of forming 

15 particles of the present invention, the pharmaceutically 
active agent can be present in the solvent system employed 
to form the micelles that are the precursors to the 
particles of the invention. Upon formation of the 
particles, the pharmaceutically active agent is entrapped 

20 therein. Alternatively, pre-formed particles can be 

suspended in a solvent containing the active agent, and 
thus take up the pharmaceutically active agent from 
solution. In addition, the pharmaceutically active agent 
can be sprayed in the form of a solution or a melt onto 

25 the surface of the pre-formed particles. In another 

example, the pre-formed particles can be treated with a 
vapor containing the pharmaceutically active agent. The 
pharmaceutically active agent can also be vacuum 
infiltrated into the pre-formed particles. 

3 0 The pharmaceutically active agent can be associated 

with or affixed to the amphiphilic copolymers either 
chemically or physically which comprise the particles of 
this invention. The association or affixing can be 
performed either prior to the preparation of the particles 

35 or after the preparation of the particles. 

When present in particles of the present invention as 
described above, the pharmaceutically active agent can be 
released therefrom. It is fully expected that such 
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release can be sustained, i.e., not immediate, but rather 
over an extended period of time, thereby making particles 
of the present invention containing pharmaceutically (or 
other active) agents useful as sustained release delivery 
5 vehicles. 

Pharmaceu tically Active Agents 

Pharmaceutically active agents that can be used in 
the present invention include inorganic and organic 
compounds without limitation, including drugs that act on 
10 the peripheral nerves, adrenergic receptors, cholinergic 
receptors, nervous system, skeletal muscles, 
cardiovascular system, smooth muscles, blood circulatory 
system, synaptic sites, neuroef f ector junctional sites, 
endocrine system, hormone systems, immunological system, 
15 reproductive system, skeletal system, autatory of autocoid 
systems, alimentary and excretory systems, inhibitory of 
autocoids and histamine systems. The active drugs that 
can be delivered for the purpose of acting on these 
recipients include anticonvulsants, analgesics, anti- 
20 inflammatories, calcium antagonists, anesthetics, 
antimicrobials, antimalarials, antiparasitics, 
antihypertensives, antihistamines, antipyretics, alpha - 
andrenergic agonist, alpha-blockers , anti-tumor compounds, 
biocides, bactericides, bronchial dilators, beta- 
25 andrenergic blocking drugs, contraceptives, cardiovascular 
drugs, calcium channel inhibitors, depressants, 
diagnostics, diuretics, electrolytes, hypnotics, 
hormonals, hyperglycemics, muscle contractants , muscle 
relaxants, opthalmics, psychic energizers, 
30 parasympathomimetics, sedatives, sympathomimetics, 
tranquilizers, urinary tract drugs, vaginal drugs, 
vitamins, nonsteroidal anti-inflammatory drugs, 
angiotensin converting enzymes, polypeptide drugs, and the 
like . 

35 Exemplary pharmaceutically active agents that are 

highly soluble in water and that can be used in 
conjunction with the particles of the present invention 
include prochlor perazine edisylate, ferrous sulfate, 



87 



WO 97/49387 



PCT/US97/11345 



aminocaproic acid, potassium chloride, mecamylamine 
hydrochloride, procainamide hydrochloride, amphetamine 
sulfate , benzphetamine hydrochloride , isoproteronol 
sulfate, me thamphet amine hydrochloride, phenmetrazine 
5 hydrochloride, bethanechol chloride, methacholine 

chloride, pilocarpine hydrochloride, atropine sulfate, 
scopolamine bromide, isopropamide iodide, tridihexethyl 
chloride, phenformin hydrochloride, methylphenidate 
hydrochloride, cimetidine hydrochloride, theophylline 

10 cholinate, cephalexin hydrochloride, and the like. 

Exemplary pharmaceutical ly active agents that are 
poorly soluble in water and that can be used in 
conjunction with the particles of the present invention 
include diphenidol, meclizine hydrochloride, 

15 prochlorperazine maleate, phenoxybenzamine , 

thiethylperazine maleate, anisindone, diphenadione , 
erythrityl tetranitrate , digoxin, isof lurophate , 
acetazolamide, methazolamide, bendro-f lumethiazide , 
chlorpropamide, tolazamide, chlormadinone acetate, 

2 0 phenaglycodol , allopurinol, aluminum aspirin, 

methotrexate, acetyl sulf isoxazole , erythromycin, 
progestins , sterogenic, progestational , corticosteroids , 
hydrocortisone hydrocorticosterone acetate, cotrisone 
acetate, triamcinolone, methyltestosterone, 17 beta- 
25 estradiol, ethinyl estradiol, ethinyl estradiol 3-rnethyl 
ether, pednisolone, 17 beta-hydroxyprogetsterone acetate, 
19-nor-progesterone , norgestrel , morethindrone , 
norethisterone , norethiederone , progesterone , 
norgesterone, norethynodrel , and the like. 

3 0 Examples of other pharmaceutically active agents that 

can be used in conjunction with the particles of the 
present invention include aspirin, boron-containing 
antitumor compounds, indomethacin, naproxen, fenoprofen, 
sulindac, indoprofen, nitroglycerin, isosorbide dinitrate, 
35 propranolol, timolol, atenolol, alprenolol, cimetidine, 
clonidine, imipramine, levadopa, chloropromazine , 
methyldopa, dihydroxyphenylalanine, pivaloyloxyethyl ester 
of alpha-methyl dopa hydrochloride, theophylline, calcium 
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10 



gluconate, ketoprofen, ibuprofen, cephalexin, 
erythromycin, haloperidol, zomepirac, ferrous lactate, 
vincamine, diazepam, phenoxybenz amine , diltiazem, 
milrinone, captopril, madol, quanbenz, 

hydrochlorothiazide, ranitidine, flurbiprofen, fenbufen, 
fluprofen, tolmetin, alolofenac, mefenamic, flufenamic, 
difuninal, nimodipine, nitrendipine, nisoldipine, 
nicardipine, felodipine, lidoflazine, tiapamil, 
gallopamil, amlodipine, mioflazine, lisinolpril, 
enalapril, captopril, ramipril, andlapriat, famotidine, 
nizatidine, sucralfate, etinidine, tertatolol, minoxidil, 
chlordiazepoxide, chlordiazepoxide hydrochloride, 
diazepan, amitriptylin hydrochloride, impramine 
hydrochloride, imipramine pamoate, enitabas, verapamil, 
15 losartan, and the like. Other beneficial pharmaceutical^ 
active agents known in the art that can be used in 
conjunction with the particles of the present invention 
are disclosed in Pharmaceutical Sciences, 14th Ed., edited 
by Remington, (1979) published by Mack Publishing Co., 
20 East on Pa.; The Drug, The Nurse, The Patient, Including 
Current Drug Handbook, by Falconer, et al., (1974-1976) 
published by Saunders Company, Philadelphia, Pa.; 
Medicinal Chemistry, 3rd Ed., Vol. 1 and 2, by Burger, 
published by Wiley-Interscience, New York; Goodman & 
25 Gilman's The Pharmacological Basis of Therapeutics, 9th 
Ed., edited by Hardman, et al . , (1996) published by 
McGraw-Hill, New York, N.Y.; and in Physicians' Desk 
Reference, 51st Ed., (1997) published by Medical Economics 
Co., Montvale, N.J. 

30 

Other Compositions 

The present invention also provides compositions 
comprising particles comprising amphiphilic copolymers, 
having a crosslinked shell domain, which can be permeable, 
35 and an interior core domain. 

In a further aspect, the present invention provides 
agricultural compositions, comprising particles comprising 
amphiphilic copolymers, having a crosslinked shell domain, 
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which can be permeable, and an interior core domain, or an 
agronomically acceptable salt thereof, and an 
agronomical ly acceptable carrier, excipient, or diluent. 
The agricultural composition can also comprise a 
5 pesticidally active agent, as described below. The 
pesticidally active agent can be contained within the 
particles . 

In still a further aspect, the present invention also 
provides a fat substitute composition, comprising 

10 particles comprising amphiphilic copolymers, having a 

cross linked shell domain, which can be permeable, and an 
interior core domain, or a gastronomically acceptable salt 
thereof, and a gastronomically acceptable carrier, 
excipient, or diluent. Such fat substitute compositions 

15 can be used in methods for simulating the presence of fat 
in food compositions or additives by including such fat 
substitute compositions in food materials. 

In a further aspect, the present invention provides 
compositions suitable for use in chromatography or 

20 electrophoresis, comprising particles comprising 

amphiphilic copolymers, having a crosslinked shell domain, 
which can be permeable, and an interior core domain, or a 
chromatographically or electrophoretically acceptable salt 
thereof, and a chromatographically or electrophoretically 

25 acceptable carrier, continuous phase, mobile phase, or 
diluent. Such chromatographic or electrophoretic 
compositions can be used in methods for separating 
components of mixtures. These methods can comprise 
introducing a mixture of components to be separated into a 

3 0 column containing particles of the present invention or 
onto a substrate coated with particles of the present 
invention, passing an appropriate solvent through the 
column or over the particle-coated substrate to separate 
components of the mixture, and recovering or detecting 

35 separated components of the mixture. In the case of 
electrophoretic separations, an electric potential is 
applied to the column or particle-coated substrate using 
conditions which are known in the art. 
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In a further aspect, the present invention provides 
compositions suitable for use in chromatography, 
comprising particles comprising amphiphilic copolymers, 
having a crosslinked shell domain, which can be permeable, 
5 and an interior core domain, or a chromatographically 
acceptable salt thereof, and a chromatographically 
acceptable carrier, continuous phase, mobile phase, or 
diluent . 

The present invention also provides compositions 
0 suitable for use in foods, comprising particles comprising 
amphiphilic copolymers, having a crosslinked shell domain, 
which can be permeable, and an interior core domain, or a 
salt thereof acceptable for use in foods, and a carrier, 
excipient, or diluent suitable for use in foods. An 
5 example of a composition suitable for use in foods is a 
composition suitable for use as a fat substitute. 

The present invention also provides compositions 
suitable for use in cosmetics, comprising particles 
comprising amphiphilic copolymers, having a crosslinked 
shell domain, which can be permeable, and an interior core 
domain, or a cosmetically salt thereof, and a carrier, 
excipient, or diluent suitable for use in cosmetics. 

Methods of Use 

Pharmaceutical Methods 

As noted above, particles of the present invention 
comprising a pharmaceutically active agent can be used for 
sustained release delivery of such agents to treat a 
variety of conditions. 

In one aspect, the present invention provides a 
method of delivering particles of the present invention, 
comprising administering to the mammal a composition 
comprising the particles. Such a method can, for example, 
be used in the prevention or treatment of Alzheimer's 
disease to scavenge proteins or protein fragments . 

In another aspect, the present invention provides a 
method of delivering a pharmaceutically active agent to a 
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cell, tissue, or organ, comprising contacting the cell, 
tissue, or organ with an effective amount of a particle 
comprising amphiphilic polymers having a crosslinked shell 
domain (which can be permeable) and an interior core 
5 domain, and the pharmaceutically active agent, the contact 
being for a period of time sufficient to introduce the 
pharmaceutically active agent to the locus of the cell, 
tissue, or organ. The method, for example, can comprise 
contacting the cell, tissue, or organ in vitro or in vivo 

10 with the effective amount of the particles. 

In still another aspect, the present invention 
provides a method of treating a tumor in a mammal, 
comprising administering to the mammal an antitumor- 
effetive amount of a pharmaceutical composition of this 

15 invention. 

In yet another aspect, the present invention provides 
a method of reducing bile acid uptake in a mammal, 
comprising administering to the mammal a bile acid uptake- 
reducing effective amount of particles of the present 

20 invention, comprising amphiphilic copolymers, having a 
crosslinked shell domain, which can be permeable, and an 
interior core domain, the particles being administered for 
a period of time effective to reduce bile acid uptake in 
the mammal. The mammal can, for example, be a human. 

25 Preferably, the particles used in the method of reducing 
bile acid uptake in a mammal have a sufficient size so 
that they are not taken up by the gastrointestinal tract 
of the mammal, i.e., they do not cross the membranes 
comprising the gastrointestinal tract. In addition, 

3 0 preferred particles can comprise those wherein the outer 
crosslinked shell domain is hydrophilic, and the interior 
core domain is hydrophobic. Further preferred particles 
can comprise those wherein the hydrophilic shell domain is 
positively charged. 

35 In another aspect, the present invention provides a 

method of reducing blood serum cholesterol in a mammal, 
comprising administering to the mammal a blood serum 
cholesterol-reducing effective amount of particles 
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comprising amphophilic copolymers, having a crosslinked 
shell domain, which can be permeable, and an interior core 
domain, the particles being administered for a period of 
time effective to reduce blood serum cholesterol in the 
mammal. The mammal can, for example, be a human. 
Preferably, the particles used in the method of reducing 
blood serum cholesterol in a mammal have a sufficient size 
so that they are not taken up by the gastrointestinal 
tract of the mammal, i.e., they do not cross the membranes 
comprising the gastrointestinal tract. In addition, 
preferred particles can comprise those wherein the outer 
crosslinked shell domain is hydrophilic, and the interior 
core domain is hydrophobic. Further preferred particles 
can comprise those wherein the hydrophilic shell domain is 
positively charged. 

Dosages, Formulations, a nd Routes of Administration 

The bile acid uptake inhibiting particles and the 
blood serum cholesterol lowering particles of the present 
invention can be administered for the prophylaxis or 
treatment of hyperlipidemic diseases or conditions by any 
means, preferably oral, that produce contact of these 
particles with their site of action in the body, for 
example in the gastrointestinal tract of a mammal, e.g., a 
human . 

For the prophylaxis or treatment of the conditions 
referred to above, the particles of the present invention 
can be used as the particles per se. Pharmaceutical^ 
acceptable salts are particularly suitable for medical 
applications because of their greater aqueous solubility 
and physiological compatibility relative to the parent 
particle. Such salts must clearly have pharmaceutical^ 
acceptable anions or cations. Suitable pharmaceutical ly 
acceptable acid addition salts of the particles of the 
present invention when possible include those derived from 
inorganic acids, such as hydrochloric, hydrobromic, 
phosphoric, metaphosphoric, nitric, sulfonic, and sulfuric 
acids, and organic acids such as acetic, benzenesulf onic , 
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benzoic, citric, ethanesulf onic , fumaric, gluconic, 
glycolic, isothionic, lactic, lactobionic, maleic, malic, 
methanesulfonic, succinic, toluenesulf onic , tartaric, and 
trif luoroacetic acids. The chloride salt is particularly 
5 preferred for medical purposes. Suitable pharmaceutically 
acceptable base salts include ammonium salts, alkali metal 
salts such as sodium and potassium salts, and alkaline 
earth salts such as magnesium and calcium salts. 

The anions of the definition of X" and Y" in the 

10 present invention are, of course, also required to be 

pharmaceutically acceptable and can also be selected from 
the above list. 

The particles of the present invention can be 
presented with an acceptable carrier in the form of a 

15 pharmaceutical composition. The carrier must, of course, 
be acceptable in the sense of being compatible with the 
other ingredients of the composition and must not be 
deleterious to the recipient. The carrier can be a solid 
or a liquid, or both, and is preferably formulated with 

20 the particle as a unit-dose composition, for example, a 
powder or tablet, which can contain from 0.05% to 95% by 
weight of the active particles. Other pharmacologically 
active substances can also be present, including other 
particles of the present invention. The pharmaceutical 

25 compositions of the invention can be prepared by any of 
the well known techniques of pharmacy, consisting 
essentially of admixing the components. 

The particles can be administered by any conventional 
means available for use in conjunction with 

30 pharmaceuticals, either as individual therapeutic 

compounds or as a combination of therapeutic compounds. 

The amount of particles required to achieve the 
desired biological effect will, of course, depend on a 
number of factors such as the specific particle chosen, 

35 the use for which it is intended, the mode of 

administration, and the clinical condition of the 
recipient . 

In general, a daily dose can be in the range of from 



94 



WO 97/49387 



PCT/US97/11345 



10 



about 5 to about 5,000 mg/kg bodyweight /day , preferably 
from about 10 to about 2,000 mg/kg bodyweight /day, more 
preferably from about 20 to about 1,000 mg/kg 
bodyweight /day. This total daily dose can be administered 
to the patient in a single dose, or in proportionate 
multiple subdoses. Subdoses can be administered 2 to 6 
times per day. Doses can be in sustained release form 
effective to obtain the desired results. 

Orally administrable unit dose formulations, such as 
liquids, tablets, or capsules, can contain, for example, 
from about 1 to about 5,000 mg of the particles, 
preferably about 2 to about 2,000 mg of the particles, 
more preferably from about 10 to about 1,000 mg of the 
particles. In the case of pharmaceutically acceptable 
15 salts, the weights indicated above refer to the weight of 
the particle ion derived from the salt. 

Oral delivery of particles of the present invention 
can include formulations, as are well known in the art, to 
provide prolonged or sustained delivery of the particles 
2 0 to the gastrointestinal tract by any number of mechanisms. 
These include, but are not limited to, pH sensitive 
release from the dosage form based on the changing pH of 
the small intestine, slow erosion of a tablet or capsule, 
retention in the stomach based on the physical properties 

2 5 of the formulation, bioadhesion of the dosage form to the 

mucosal lining of the intestinal tract, or enzymatic 
release of the particles from the dosage form. The 
intended effect is to extend the time period over which 
the active particles are delivered to the site of action 
(the gastrointestinal tract) by manipulation of the dosage 
form. Thus, enteric-coated and enteric-coated controlled 
release formulations are within the scope of the present 
invention. Suitable enteric coatings include cellulose 
acetate phthalate, polyvinylacetate phthalate, 

3 5 hydroxypropylmethylcellulose phthalate and anionic 

polymers of methacrylic acid and methacrylic acid methyl 
ester. 

Pharmaceutical compositions according to the present 
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invention include those suitable for oral, rectal, 
topical, buccal (e.g., sublingual), and parenteral (e.g., 
subcutaneous, intramuscular, intradermal, or intravenous) 
administration, although the most suitable route in any 
5 given case will depend on the nature and severity of the 
condition being treated and on the nature of the 
particular particle which is being used. In most cases, 
the preferred route of administration is oral. 

Pharmaceutical compositions suitable for oral 

10 administration can be presented in discrete units, such as 
liquids, capsules, cachets, lozenges, or tablets, each 
containing a predetermined amount of at least one type of 
particle of the present invention; as a powder or 
granules; as a solution or a suspension in an aqueous or 

15 non-aqueous liquid; or as an oil-in-water or water-in-oil 
emulsion. As indicated, such compositions can be prepared 
by any suitable method of pharmacy which includes the step 
of bringing into association the active particle (s) and 
the carrier (which can constitute one or more accessory 

20 ingredients). In general, the compositions are prepared 
by uniformly and intimately admixing the active particles 
with a liquid or finely divided solid carrier, or both, 
and then, if necessary, shaping the product. For example, 
a tablet can be prepared by compressing or molding a 

25 powder or granules containing the particles, optionally 
with one or more assessory ingredients. Compressed 
tablets can be prepared by compressing, in a suitable 
machine, the particles in a free-flowing form, such as a 
powder or granules optionally mixed with a binder, 

30 lubricant, inert diluent and/or surface active/dispersing 
agent (s) . Molded tablets can be made by molding, in a 
suitable machine, the powdered particles moistened with an 
inert liquid diluent. 

Pharmaceutical compositions suitable for buccal (sub- 

35 lingual) administration include lozenges comprising 

particles of the present invention in a flavored base, 
usually sucrose, and acacia or tragacanth, and pastilles 
comprising particls in an inert base such as gelatin and 
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glycerin or sucrose and acacia. 

Pharmaceutical compositions suitable for parenteral 
administration conveniently comprise sterile aqueous 
preparations of particles of the present invention. These 

5 preparations are preferably administered intravenously, 
although administration can also be effected by means of 
subcutaneous, intramuscular, or intradermal injection. 
Such preparations can conveniently be prepared by admixing 
the particles with water and rendering the resulting 

0 solution sterile and isotonic with the blood. Injectable 
compositions according to the invention will generally 
contain from 0.1 to 5% w/w of a particles disclosed 
herein. 

Pharmaceutical compositions suitable for rectal 
5 administration are preferably presented as unit-dose 
suppositories. These can be prepared by admixing 
particles of the present invention with one or more 
conventional solid carriers, for example, cocoa butter, 
and then shaping the resulting mixture. 
0 Pharmaceutical compositions suitable for topical 

application to the skin preferably take the form of an 
ointment, cream, lotion, paste, gel, spray, aerosol, or 
oil. Carriers which can be used include vaseline, 
lanoline, polyethylene glycols, alcohols, and combinations 
5 of two or more thereof. The active particle is generally 
present at a concentration of from 0.1 to 15% w/w of the 
composition, for example, from 0.5 to 2%. 

Transdermal administration is also possible. 
Pharmaceutical compositions suitable for transdermal 
0 administration can be presented as discrete patches 

adapted to remain in intimate contact with the epidermis 
of the recipient for a prolonged period of time. Such 
patches suitably contain particles of the present 
invention in an optionally buffered, aqueous solution, 
dissolved and/or dispersed in an adhesive, or dispersed in 
a polymer. A suitable concentration of the active 
particle is about 1% to 35%, preferably about 3% to 15%. 
As one particular possibility, the particle can be 
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delivered from the patch by electrotransport or 
iontophoresis, for example, as described in Pharmaceutical 
Research , 3(6), 318 (1986). 

In any case, the amount of particles that can be 
5 combined with carrier materials to produce a single dosage 
form to be administered will vary depending upon the host 
treated and the particular mode of administration. 

The solid dosage forms for oral administration 
including capsules, tablets, pills, powders, and granules 

10 noted above comprise one or more types of particle of the 
present invention admixed with at least one inert diluent 
such as sucrose, lactose, or starch. Such dosage forms 
can also comprise, as in normal practice, additional 
substances other than inert diluents, e.g., lubricating 

15 agents such as magnesium stearate. In the case of 

capsules, tablets, and pills, the dosage forms can also 
comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration can 

20 include pharmaceutical^ acceptable emulsions, solutions, 
suspensions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such 
compositions can also comprise adjuvants, such as wetting 
agents, emulsifying and suspending agents, and sweetening, 

25 flavoring, and perfuming agents. 

Injectable preparations, for example, sterile 
injectable aqueous or oleaginous suspensions can be 
formulated according to the known art using suitable 
dispersing or setting agents and suspending agents. The 

30 sterile injectable preparation can also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for example, 
as a solution in 1 , 3-butanediol . Among the acceptable 
vehicles and solvents that can be employed are water, 

35 Ringer's solution, and isotonic sodium chloride solution. 
In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this 
purpose any bland fixed oil can be employed including 
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synthetic mono- or diglycerides . In addition, fatty acids 
such as oleic acid find use in the preparation of 
injectables . 

Pharmaceutical^ acceptable carriers encompass all 
the foregoing and the like. 

As those of ordinary skill in the art will recognize, 
the foregoing discussion is also applicable to the use of 
particles as described herein, wherein such particles 
comprise a pharmaceutically active agent intended to be 
delivered to a site in the body. 



Treatment Regimen 

The dosage regimen to prevent, give relief from, or 
ameliorate a disease condition, including one having 
5 hyperlipidemia as an element of the disease, e.g., 

atherosclerosis, or to protect against or treat further 
high cholesterol plasma or blood levels with the particles 
and/or compositions of the present invention, is selected 
in accordance with a variety of factors. These include 
0 the type, age, weight, sex, diet, and medical condition of 
the patient, the severity of the disease, the route of 
administration, pharmacological considerations such as the 
activity, efficacy, pharmacokinetics and toxicology 
profiles of the particular particle or 
5 particle/pharmaceutically active agent combination 

employed, whether a drug delivery system is utilized, and 
whether the particles are administered as part of a drug 
combination. Thus, the dosage regimen actually employed 
can vary widely and therefore deviate from the preferred 
0 dosage regimen set forth above. 

In any case, initial treatment of a patient suffering 
from a hyperlipidemic condition can begin with the dosages 
indicated above. Treatment should generally be continued 
as necessary over a period of several weeks to several 
5 months or years until the hyperlipidemic disease condition 
has been controlled or eliminated. Patients undergoing 
treatment with the particles disclosed herein can be 
routinely monitored by, for example, measuring serum 
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cholesterol levels by any of the methods well known in the 
art, to determine the effectiveness of therapy. 
Continuous analysis of such data permits modification of 
the treatment regimen during therapy so that optimal 
5 effective amounts of particles of the present invention 
are administered at any time, and so that the duration of 
treatment can be determined as well. In this way, the 
treatment regimen/dosing schedule can be rationally 
modified over the course of therapy so that the lowest 

10 amount of particles of the present invention which exhibit 
satisfactory effectiveness is administered, and so that 
administration is continued only so long as is necessary 
to successfully treat the hyperlipidemic condition. These 
considerations are also applicable to situations in which 

15 particles of the present invention comprising 

pharmaceutically active agents are used to treat various 
disease conditions . 
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Agricultur al Applications 

The particles of the present invention can also be 
used to deliver pesticidally active agents (including 
herbicides) to plants or animals. Such methods comprise 
5 contacting plants or animals with an effective amount of 
particles comprising amphiphilic copolymers, having a 
crosslinked shell domain, which can be permeable, and an 
interior core domain, further comprising a pesticidally or 
herbicidally active agent. The contact should be for a 
10 period of time within which the pesticidally or 

herbicidally active agent is introduced to the plants or 
animals . 

The pesticidal/herbicidal compositions of the present 
invention, including concentrates which require dilution 
prior to application, can comprise one or more types of 
particles of this invention, at least one 

pesticidally/herbidically active agent, and an adjuvant in 
liquid or solid form. The compositions can be prepared by 
admixing the active agent with the particles and an 
adjuvant including diluents, extenders, carriers, and 
conditioning agents to provide compositions in the form of 
finely-divided particulate solids, granules, pellets, 
solutions, dispersions or emulsions. Alternatively, as in 
the case of pharmaceutical compositions, the active 
agent (s) can be introduced to the particles in the process 
of their formation. For example, the active agent can be 
present in the solvent system employed to form the 
micelles that are the precursors to the particles of the 
invention. Upon formation of the particles, the active 
agent (s) is (are) entrapped therein. Alternatively, pre- 
formed particles can be suspended in a solvent containing 
the active agent, and thus take up the active agent from 
solution. In addition, the pesticidally/herbicidally 
active agent can be sprayed in the form of a solution or a 
35 melt onto the surface of the pre-formed particles. in 
another example, the pre-formed particles can be treated 
with a vapor containing the pesticidally/herbicidally 
active agent. The pesticidally/herbicidally active agent 
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can also be vacuum infiltrated into the pre-formed 
particles . 

The pesticidally/herbicidally active agent can be 
covalently bound to the amphiphilic copolymers which 
5 comprise the particles of this invention. The covalent 
bonds can be formed either prior to the preparation of the 
particles or they can be formed after the preparation of 
the particles. 

However the particles are loaded with the active 
10 agent, it is believed that the particles can be used with 
an adjuvant such as a f inely-divided solid, a liquid of 
organic origin, water, a wetting agent, a dispersing 
agent, an emulsifying agent or any suitable combination of 
these . 

15 Suitable wetting agents are believed to include alkyl 

benzene and alkyl naphthalene sulfonates, sulfated fatty 
alcohols, amines or acid amides, long chain acid esters of 
sodium isothionate, esters of sodium sul f osuccinate , 
sulfated or sulfonated fatty acid esters, petroleum 

20 sulfonates, sulfonated vegetable oils, ditertiary 
acetylenic glycols, polyoxyethylene derivatives of 
alkylphenols (particularly isooctylphenol and nonylphenol) 
and polyoxyethylene derivatives of the mono-higher fatty 
acid esters of hexitol anhydrides (e.g., sorbitan) and 

25 polyoxyethylene derivatives of castor oil. Preferred 
dispersants are methyl cellulose, 

polyoxyethylene/polyoxypropylene block copolymers, 
polyvinyl alcohol, sodium lignin sulfonates, polymeric 
alkyl naphthalene sulfonates, sodium naphthalene 
3 0 sulfonate, and the polymethylene bisnaphthalene sulfonate. 

Wettable powders are water-dispersible compositions 
containing particles of the present invention comprising 
one or more active ingredients, an inert solid extender, 
35 and one or more wetting and dispersing agents. The inert 
solid extenders are usually of mineral origin such as the 
natural clays, diatomaceous earth, and synthetic minerals 
derived from silica and the like. Examples of such 
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extenders include kaolinites, bentonite, attapulgite clay, 
and synthetic magnesium silicate. The wettable powder 
compositions of the present invention can contain from 
about 0.5 to about 60 parts, preferably from about 2 . 5 to 
about 4 0 parts, more preferably from about 5 to about 20 
parts, of the particles of the present invention, from 
about 0.5 to about 60 parts, preferably from about 2 . 5 to 
about 4 0 parts, more preferably from about 5 to 2 0 parts, 
of pesticidally active agent, from about 0.25 to about 25 
parts, preferably from about 0 . 5 to about 2 0 parts, more 
preferably from about 1 to 15 parts, of wetting agent, 
from about 0.2 5 to about 2 5 parts, preferably from about 
0.5 to about 2 0 parts, more preferably from about 1 . 0 to 
about 15 parts, of dispersant, and from about 5 to about 
15 95 parts, preferably from about 5 to about 50 parts, of 
inert solid extender, all parts being by weight of the 
total composition. Where required, from about 0.1 to 
about 2.0 parts of the solid inert extender can be 
replaced by a corrosion inhibitor or anti-foaming agent, 
2 0 or both. 

Other types of formulations include dust concentrates 
comprising from about 0.1 to about 60% by weight of the 
active ingredient contained in particles of the present 
invention, in a suitable extender. These dusts can be 
2 5 diluted for application at concentrations within the range 
of from about 0.1-10% by weight. 

Aqueous suspensions or emulsions can be prepared by 
stirring a nonaqueous solution of a water-insoluble 
pesticidally or herbicidally active agent, particles of 
the present invention, and an emulsif ication agent with 
water until uniform, and then homogenizing to produce a 
stable emulsion of very finely-divided particles. The 
resulting concentrated aqueous suspension is characterized 
by its extremely small particle size, so that when diluted 
35 and sprayed, coverage is highly uniform. Suitable 

concentrations of these formulations can contain from 
about 0.1 to about 95%, preferably from about 1 to about 
75%, more preferably from about 5 to about 50% by weight 
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of the particles of the present invention which comprise 
the pesticidally or herbicidally active agent. 

Concentrates can be solutions of particles comprising 
one or more pesticidally or herbicidally active agent in 
5 water-immiscible or partially water-immiscible solvents, 
together with a surface active agent. Suitable solvents 
for the active ingredient of this invention include 
dimethyl formamide, chlorinated solvents , 

dime thy lsulf oxide, N-methylpyrrolidone , hydrocarbons and 
10 water-immiscible ethers, esters or ketones. However, 

other high strength liquid concentrates can be formulated 
by dissolving particles comprising the active ingredient 
in a solvent, and then diluting, e.g., with kerosene, to 
spray concentration. 
15 The concentrated compositions contemplated herein 

generally contain from about 0.1 to about 95 parts, 
preferably from about 1 to about 7 5 parts, more preferably 
from about 5 to about 50 parts, of the particles of the 
present invention, from about 0.1 to about 95 parts, 
2 0 preferably from about 1 to about 7 5 parts, more preferably 
from about 5 to about 60 parts, of 

pesticidally/herbicidally active agent, from about 0.25 to 
about 50 parts, preferably from about 1 to about 25 parts, 
of surface active agent, and where required, about 5 to 

25 about 95 parts solvent, all parts being by weight based on 
the total weight of emulsifiable oil. 

Granules are physically stable particulate 
compositions comprising particles of the present invention 
comprising active ingredient, adhering to or distributed 

30 through a basic matrix of an inert, finely-divided 

particulate extender. In order to aid leaching of the 
pesticidally/herbicidally active agent from the particles, 
a surface active agent such as those listed hereinbefore 
can be present in the composition. Natural clays, 

35 pyrophyllites, illite, and vermiculite are examples of 
operable classes of particulate mineral extenders. 
Preferred extenders are porous, absorptive, preformed 
particles such as preformed and screened particulate 
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attapulgite or heat expanded, particulate vermiculite , and 
the finely-divided clays such as kaolin clays, hydrated 
attapulgite, or bentonitic clays. These extenders are 
sprayed or blended with the particles to form the 
5 pesticidal granules. 

The granular compositions of the present invention 
can contain from about 0.1 to about 30 parts by weight of 
the particles of this invention per 100 parts by weight of 
clay, from about 0 . 1 to about 30 parts by weight of active 
0 ingredient per 100 parts by weight of clay, and 0 to about 
5 parts by weight of surface active agent per 100 parts by 
weight of particulate clay. 

The compositions of the present invention can also 
contain other additaments, for example, fertilizers, other 
5 pesticidally active agents, safeners, and the like, used 
as adjuvants or in combination with any of the above- 
described adjuvants. Chemicals useful in combination with 
the particles of this invention include, for example, 
triazines, ureas, carbamates, acetamides , acetanilides , 
0 uracils, acetic acid or phenol derivatives, 

thiolcarbamates , triazoles, benzoic acids, nitriles, 
biphenyl ethers, organophosphates , fumigants, herbicides, 
insecticides, miticides, fungicides, nematocides, and the 
like. Some examples of pesticidally active agents useful 
5 in combination with the particles of the present invention 
are shown in Table 9. 
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Table 9. Pesticidally Active Agents 

Heterocyclic Ni t r open /Sul fur Derivatives 

5 2 -Chloro-4-ethylarriino- 6 -isopropylamino- s-triazine 
2 -Chi or o- 4 , 6 -bis ( isopropylamino) -s-triazine 

2- Chloro-4, 6-bis (ethylamino) -s-triazine 

3- Isopropyl-lH-2 , 1 , 3-benzothiadiazin-4- (3H) -one 2 , 2 
dioxide 

10 3 -Amino- 1, 2, 4-triazole 

6, 7-Dihydrodipyrido(l, 2-a:2 ' , 1 ' -c) -pyrazidiinium salt 
5 -Br omo- 3 -is opropy 1 - 6 -me t hylur ac i 1 
1,1' -Dimethyl-4 , 4 1 -bipyridinium 

3 -methyl -4 -amino- 6 -phenyl- 1, 2 , 4-triazin-5- (4H) one 
15 2- ( 4-chloro-6-ethylamino-l , 3 , 5-sym-2-triazinylamino) -2- 
methylpropionitrile 

3- cyclohexyl-6-dimethylamino-l-methyl-l , 3 , 5-triazine 

2, 4 (1H, 3H)dione 

4- amino-6- ( tert-butyl ) -3-methylthio-as-triazin-5 (4H) one 
20 5-amino-4-chloro-2-phenyl-3 (1H) -pyridazinone 

5- methylamino-4-chloro-2- { , , , -trif luoro-m- tolyl ) -3 (2H) - 

pyridazinone 
5-bromo-3- (sec-butyl) -6-methyluracil 

25 Ureas 

N- ( 4-chlorophenoxy) phenyl-N, N-dimethylurea 
N,N-dimethyl-N' - ( 3-chloro-4-methylphenyl ) urea 
3- ( 3 , 4-dichlorophenyl ) -1 , 1-dimethylurea 

30 1, 3 -Dimethyl -3- (2-benzothiazolyl ) urea 
3- (p-Chlorophenyl) -1, 1-dimethylurea 
l-Butyl-3- (3 , 4-dichlorophenyl ) -1-methylurea 
N- ( 3 -trif luoromethylphenyl ) -N,N* -dimethylurea 
3- ( 3 , 4-dichlorophenyl ) -1-methoxy- 1-methylurea 

35 2-Chloro-N- ( [ ( 4-methoxy-6-methyl-l , 3 , 5-triazin-2- 
yl ) amino ] carbonyl ) benzenesul f onamide 
Methyl 2- ( ( ( [ (4 , 6-dimethyl-2- 

pyrimidinyl ) amino] carbonyl ) amino) sulf onyl ) benzoate 
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Carbamates /Thiolcarbamates 

2-Chloroallyl diethyldi thiocarbamate 
S- (4-chlorobenzyl)N,N-diethylthiolcarbamate 
5 Isopropyl N- ( 3 -chlorophenyl ) carbamate 

S-2 , 3-dichloroallyl N, N-diisopropyl thiol carbamate 
S-N, N-dipropylthiolcarbamate 
S-propyl N, N-dipropylthiolcarbamate 

S-2 , 3 , 3-trichloroallyl N, N-diisopropylthiolcarbamate Ethyl 
0 dipropylthiolcarbamate 

Acetamides/Acetanil ides /Anilines /Amides 

2-Chloro-N, N-diallylacetamide 
5 N, N-dimethyl-2 , 2-diphenylacetamide 
N- [ 2 , 4 -dimethyl -5- 

[ [ { trif luoromethyl) sulfonyl] amino] phenyl] ace tamide 
N-Isopropyl-2-chloroacetanilide 

2 ' , 6 ' -Diethyl -N-methoxymethyl-2-chloroacetanilide 
2 ' -Methyl-6 1 -ethyl -N- (2-methoxyprop-2-yl ) -2- 

chloroacetanilide delta., .delta., . delta . -Trif luoro- 
2 , 6-dinitro-N, N-dipropyl-p- toluidine 
N- (1 , 1-dimethylpropynyl) -3 , 5-dichlorobenzamide Trif luoro- 

2, 6-dinitro-N-propyl-N- (2-chloroethyl) -p-toluidine 
3 , 5-Dinitro-4-dipropylamino-benzenesulf onamide 
N- ( 1-ethylpropyl ) -3 , 4-dimethyl-2 , 6-dinitro-benzenamide 

Acids /Esters /Alcohols 

2 , 2-Dichloropropionic acid 

2- Methyl-4-chlorophenoxyacetic acid 
2 , 4-Dichlorophenoxyacetic acid 

Methyl -2- [4- (2 , 4-dichlorophenoxy) phenoxy] propionate 

3- Amino-2 , 5-dichlorobenzoic acid 
2-Methoxy-3 , 6-dichlorobenzoic acid 
2 , 3 , 6-Trichlorophenylacetic acid 
N-l-naphthylphthalamic acid 

Sodium 5- [2-chloro-4- ( trif luoromethyl ) phenoxy] -2- 
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nitrobenzoate 

4 , 6-Dinitro-o-sec-butylphenol 
N- (phosphonomethyl ) glycine and its salts 
Potassium 4-amino-3 , 5 , 6-trichloropicolinate 
5 2, 3-Dihydro-3 , 3-dimethyl-2-ethoxy-5-benzof uranyl 
methanesulf onate 

Ethers 

0 2, 4-Dichlorophenyl-4~nitrophenyl ether 

2-Chloro- , , -trif luoro-p-tolyl-3-ethoxy-4-nitrodiphenyl 
ether 

2-Chloro-l- (3-ethoxy-4-nitrophenoxy) -4- trif luoromethyl 
benzene 

5 

Miscellaneous 

2, 6-Dichlorobenzonitrile 
Monosodium acid methanearsonate 
3 Di sodium methanearsonate 

Fertilizers useful in combination with the active 

ingredients include, for example, ammonium nitrate, 
urea, potash andsuperphosphate . Other useful 
additaments include materials inwhich plant organisms 
5 take root and grow such as compost, manure, humus, 

sand and the like. 

Insecticides 

Abamectin 
) Permethrin 

CI of entezine 

Dicrotophos 

Sulprof os 

Bif enthrin 
> Carbaryl 

Terbuf os 

Dimethoate 

Malathion 



108 



WO 97/49387 

Pyrethrins 
Dif lubenzuron 
Sisulf oton 
Diazinon 
5 Dimethoate 
Methoxychlor 
Methyl parathion 
Ethyl parathion 
Parathion 
10 Sulfur 

Carbof uran 
Azinphos -methyl 
Met homy 1 
Chlorpyrif os 
15 Endosulfan 
Ethoprop 

Mecoprop 

Acephate 

Mevinphos 
2 0 Lindane 

Rotenone 

Methidathion 
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Other Applications 

In another aspect, the present invention provides a 
method for delivering a nucleic acid molecule to a cell, 
tissue, or organ, comprising contacting the cell, tissue, 
5 or organ, in vivo or in vitro, with a composition 

containing a particle of the present invention and the 
nucleic acid molecule for a period time sufficient to 
deliver the nucleic acid molecule to the cell, tissue, or 
organ. The nucleic acid molecule can, for example, be 

10 present on the surface of the particle, or within the 
particle. The nucleic acid molecule can be DNA or RNA, 
for example, an antisense oligonucleotide, a vector, or 
any other type of nucleic acid molecule commonly employed 
in genetic engineering techniques. In still another 

15 aspect, the present invention provides a method for 

separating components of a solvent mixture, comprising 
contacting the solvent mixture with particles of the 
present invention for a period of time sufficient for one 
or more of the components of the solvent mixture to 

20 associate with the particles, and separating the particles 
from the remaining solvent. 

In a further aspect, the present invention provides a 
method of synthesizing a polymer, including biopolymers, 
for example a nucleic acid, peptide, polypeptide, or 

25 protein, comprising associating or affixing a first 
monomer to an active site present on the surface of a 
particle of the present invention, and subsequently 
covalently binding successive monomers to the first 
monomer to produce a polymer chain. The polymer can 

3 0 remain attached to the particle or can be cleaved from the 
particle by methods known in the art. In still a 
further aspect, the present invention provides a method of 
synthesizing a derivative compound, comprising associating 
or affixing a substrate molecule to an active site present 

35 on the surface of a particle of the present invention, and 
subsequently performing reactions on the substrate 
molecule to produce the derivative compound. The 
derivative compound can remain attached to the particle or 
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it can be cleaved from the particle by methods known in 
the art. Such a method can be used to prepare a single 
derivative compound or a mixture of derivative compounds. 

5 The following non-limiting examples illustrate 

various aspects of the present invention. 

Analytical Measurements 

H NMR spectra were recorded as solutions on either a 

0 Varian Unity 300 MHz spectrometer or on a Varian Gemini 
3 00 MHz spectrometer with the solvent proton signal as 
standard. 13 C NMR spectra were recorded at 75.4 MHz as 
solutions on either a Varian Unity 3 00 spectrometer or on 
a Varian Gemini 3 00 spectrometer with the solvent carbon 

5 signal as standard. Cross-polarization magic-angle 

spinning 13 C NMR spectra were obtained at room temperature 
on a DNP CPMAS spectrometer 35 built around a horizontal 6- 
in. bore Oxford superconducting solenoid operating at a 
proton Larmor frequency of 60 MHz , 15.1 MHz for carbons. 

0 Lyophilized samples (200-300 mg) were spun at 1859 Hz and 
experiments began with 1-ms matched spin-lock cross- 
polarization transfers from protons at 50 kHz followed by 
proton decoupling at 90 kHz. The sequence repetition time 
for all experiments was 1 second. 

5 Size exclusion chromatography was conducted on a 

Hewlett Packard series 1050 HPLC with a Hewlett Packard 
1047A refractive index detector and a Viscotek model 110 
differential viscometer; data analysis was performed using 
Trisec GPC Software, version 2.70. Two 5 urn Polymer 

) Laboratories PLgel columns (3 00x7. 5mm) connected in series 
in order of increasing pore size (500 A, mixed bed D) were 
used with THF distilled from sodium as solvent. 

Glass transition temperatures (T g ) were measured by 
differential scanning calorimetry on a Perkin-Elmer DSC 4 
differential scanning calorimeter (DSC) . Heating rates 
were 10 K/min. T g was taken as the midpoint of the 
inflection tangent. 

Excitation spectra were measured using a SPEX 
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Fluoromax Spectrof luorometer , X = 390 ran, slit openings of 
1 mm, and integration time of 2 sec./nm. Data 
manipulation was performed using DM3 0 0 OF software. 

Samples for atomic force microscopy (AFM) studies 
5 were prepared by placing a 1 ]_il drop of about 100 ug/mL 
solution of particles in water on a surface of freshly- 
cleaved mica (New York Mica Co.) and allowing it to dry 
freely in air. Optimum concentration of solution was 
determined empirically as one resulting in incomplete 

10 monolayer coverage of mica with particles. AFM topographs 
were obtained in tapping mode with the aid of a Nanoscope 
III system (Digital Instruments, Santa Barbara, CA) 
equipped with a D-scanner and a standard Si cantilever 
(1=120 urn, typical spring constant in the range 34-67 

15 N/m) . The cantilever was oscillated below its resonance 
frequency at 293.83 kHz. The •free" oscillation 
amplitude was typically between 5 and 8 ran. The samples 
were scanned in the atmosphere of He at setpoints 
corresponding to - 85 % of unperturbed oscillation 

20 amplitude. Typical ranges of scan sizes and rates were 
respectively 0 . 2 - 2 ]im and 1-4 pm/s. 

IR spectra were obtained on a Mattson polaris 
spectrometer as KBr pellets. 



112 



WO 97/49387 



PCT/US97/11345 



10 



Example 1. Polystvrene-b-po lvacrvli c aci fl t PS-b-PAA) 
Diblock Copolymer. Dispers ion, and Cros.ql Inking wi th 1.2- 
bi s ( 2 -bromoethoxv) ethanp . 

Step 1. Preparation of PS-b-PAA. 

The diblock polystyrene-b-polyacrylic acid (PS-b-PAA) 
samples were prepared by anionic polymerization of styrene 
followed by tert-butyl acrylate in THF at -78 °C using sec- 
BuLi as the initiator. The poly ( tert-butylacrylate) 
block was converted to polyacrylic acid block by treating 
it with p-toluenesulfonic acid in toluene. Molecular 
weight of polystyrene-b-poly( tert-butyl acrylate) block 
copolymers and their polydispersi ty were determined by 
GPC. The composition of polyacrylic acid was determined 
15 by titration. The PS-b-PAA sample that was used for the 
subsequent preparation of the particles consisted of 142 
styrene repeat units and 120 acrylic acid repeat units. 

Step 2. Formation of Diblock Copolymer Micelles 

2 0 The measured amount of PS-b-PAA samples was dissolved 

in THF. Water or methanol was then added slowly. Micellar 
solutions were formed in the solvent pair of appropriate 
compositions, usually resulting in a bluish tint. The 
concentrations of the diblock copolymers were held above 
25 the critical micelle concentration (cmc) , while avoiding 
high concentration, which has risk of intermicellar 
crosslinking. The exact final composition of the solvent 
pair was adjusted by removing THF in vacuo. The micelles 
formed spontaneously from diblock PS-b-PAA in THF/methanol 

3 0 (1:1) solution and the concentration of diblock copolymer 

was 2 mg/mL . 
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Step 3. Crosslinking Reaction. 

Ester bond formation was utilized to form crosslinks 
throughout the shell region (Scheme 1) . 



10 



15 




Sch 

2 0 erne 1. The Crosslinking of the Carboxylic Acid Side Chain 

Groups of the Polyacrylic Acid Block by Ester Bond 
Formation. 

After the carboxylic acids were converted to 
25 carboxylate ions by titration with KOH in methanol, the 

linking reagent 1 , 2-bis (2-bromoethoxy) ethane was added and 
the reaction mixture was heated at reflux for 7 days. The 
mixture was then poured into water and a white colloidal 
solution formed immediately. The morphology of the 

3 0 product was examined by AFM, which showed large irregular 

aggregates . 
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Example 2. Crosslinking of P olvstvrsne-h-nnl yacrvlic acid 
(PS-b-PAA) D-i bl ock Copolymer with 1-C}- 

dimethvlaminonr-opyl) -3-eth v lcarbodUmide and 7,7'- 
(ethylenedioxv)h is(ethvlamine) , 

The crosslinking reaction by amide links was 
performed for the micelles formed from diblock PS-b-PAA ir 
THF/water (1:3) solution (Scheme 2). 




Scheme 2. The Crosslinking of the Carboxylic Acid Side 
Chain Groups of the Polyacrylic Acid Block by Amide Bond 
Formation. 

The concentration of PS-b-PAA diblock copolymer was 
adjusted to 0.5 mg/mL. The acrylic acid functional groups 
on the polyacrylic acid block were first activated by 
adding an exact stoichometric amount of the l-(3- 
dimethylaminopropyl) -3-ethylcarbodiimide . The diamine 
2,2'-(ethylenedioxy)bis-(ethylamine) (ca. 0.5 equivalent) 
was then added to link together two activated acid 
functional groups per each diamine linker. Both the 
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activation and the crosslinking steps proceeded smoothly 
at room temperature. In a H NMR study, the amount of 
carbodiimide and diamine diminished in the activation and 
crosslinking reaction, respectively, indicating that 
5 crosslinking had occured. The size and shape of the 
crosslinked micelles were determined by AFM. The 
structures wered approximately spherical with diameters of 
ca 2 5 run . 

1 0 Example 3 . Polvstvrene-jb-polwinvlpvridine (PS-b-PVP) 
Diblock Copolymer, Ouaternization with p-Chloromethvl 
stvrene. Dispersion, and Crosslinking bv Radical Chain 
Polymerization . 

15 Step 1. Preparation of PS-£>-PVP. 

The PS-b-PVP copolymer was synthesized by anionic 
"living" polymerization at -78°C under argon (99.9999%) on 
a double manifold connected to a diffusion pump supplying 
a vacuum of 1CT 7 mm Hg. Previously purified styrene 

20 (stirred over CaH 2 , followed by distillation and storage 
in the freezer) was cannulated into a schlenk flask, 
dibutyl magnesium was added, and then a vacuum transfer 
was performed. To about 300 mL of freshly distilled THF 
was added about 25 g of purified styrene. The 

25 polymerization was initiated by addition of 2.6 mL of 

sec-BuLi via syringe. After 2 5 minutes, a small sample of 
the reaction mixture was cannulated into degassed MeOH, 
for analysis of the PS block. To the living anion was 
added about 2.5 mL of DPE (purified by addition of sec- 

3 0 BuLi, cherry red color formation was followed by 

distillation at 55-60°C under reduced pressure) . The 
second block was then formed by addition of about 15 mL of 
previously purified 4-vinyl pyridine (initially dried over 
CaH 2 for 24 h and then distilled and stored in a Schlenk 

35 flask in the freezer; prior to polymerization, it was 
cannulated into a flask filled with CaH 2 and vacuum 
transferred to another flask, with slight heat (35°C) ) . 
The reaction mixture was allowed to stir for 2 hours 
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before quenching by addition of degassed MeOH . The block 
copolymer was obtained by precipitation into 1.5 L of 
hexane . 

5 Step 2. Quaternization of PS-Jb-PVP. 

PS-b-PVP (4.65 g, 0.434 rranol) was dissolved in THF 
(28 mL) at room temperature over 5.5 hours under a 
nitrogen flow. To this was then added p-chloromethyl 
styrene (3.96 g, 0.026 xnmol) ; a yellow color was 
0 immediately evident. After 2 days of stirring, X H NMR 
indicated that p-chloromethyl styrene was still present. 
Therefore, to the solution was added of methanol (2 8 mL) 
and within 1 hour the solution was a deep, dark green. 
After 3 more days of stirring the reaction was deemed 
5 complete, by l H NMR (CDCl 3 /CD 3 OD) , and was precipitated 
into hexane. The hexane was decanted off and the green 
quaternized polymer was dried in vacuo at 50° C for 48 h 
to yield 6.2 g (75% quaternization). 

Step 3. Dispersion and Crosslinking . 

To a quartz reaction vessel was added the quaternized 
polymer (0.39 g, 0.021 mmol) followed by THF (120 mL) and 
D 2 0 (280 mL) resulting in a concentration of 5.2 x 10~ 5 M. 
The vessel was placed under a nitrogen flow and allowed to 
stir overnight, during which a light green solution 
developed. To the solution was added the radical 
initiator, 4 , 4 ' -azobis- ( 4-cyanovaleric acid) (0.1314 g, 
0.469 mmol, 0.25 eq/PVP repeat unit). After 30 min., the 
initiator had dissolved completely. The vessel remained 
under a nitrogen flow and was fitted with a condenser. 
Irradiation at 254 nm was performed for 24 h. Estimation 
of the volume allowed for loss of ca. 25 mL of THF during 
irradiation. The remaining THF was removed in vacuo. The 

NMR spectrum of the D 2 0 solution gave only a D 2 0 peak, 
thus THF-d 8 was added, which resulted in the appearance of 
polystyrene resonances. 

Example 4. Procedu re for the Preparation of Polystvrene- 
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fc-polvvinvlpvririine fPfi-h- P VP) bv An ionic Chain 
Polvmerizat j on . 

All purification of reagents and solvents (as 
described above) and polymerizations were done on a double 
manifold connected to a high vacuum line (1CT 6 mm Hg) and 
Argon (99.9995%). Styrene in THF at -75 °C under Ar was 
initiated with the addition of sec-butyllithium via 
syringe. In the polymerizations of PS-b-PVP the living 
polystyrene was capped with one equivalent of 
1, 1-diphenylethylene after ca. 2 0 minutes of 
polymerization. In all cases, a small portion of the 
living PS was removed and quenched in degassed methanol to 
allow for the determination of the PS block molecular 
weight by GPC. 4-Vinylpyridine was transferred via 
cannula into the polymerization mixture and allowed to 
stir for 1.5 h. The living block copolymer was then 
quenched with degassed methanol. Removal of ca. one-half 
of the THF was performed in vacuo, followed by 
precipitation of the polymer into at least a ten-fold 
excess of hexane . Subsequent filtering and drying yielded 
a white powder. Because approximate amounts of the 
monomers were used, the percent yields of polymers were 
not calculated. The PS M n , M„ and M^/M, values were 
determined from GPC based upon calibration with PS 
standards. The PVP and PS-b-PVP M n values were determined 
by comparison of the unique aromatic proton resonances of 
pyridyl (8.1-8.5 ppm) and styrenyl (6.2-6.7 ppm) repeat 
units . 

Polystyrene-2>-polyvinylpyridine (1) a total of 28.9 
g was isolated. The PS used in this block copolymer had a 
M„ = 4700 with a polydispersity of 1.17 (14,,/MJ . The 
molecular weight of the PVP block was 9 600, which gives a 
total molecular weight of 14300 for the block copolymer. 

Polystyrene-i>-polyvinylpyridine (2) A total of 42.2 5 
g was isolated. The PS used in this block copolymer had a 

= 4900 with a polydispersity of 1.14 (1^/MJ . The 
molecular weight of the PVP block was 580 0, which gives a 
total molecular weight of 10700 for the block copolymer. 
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Polystyrene-Jb-polyvinylpyridine (3) A total of 19.46 
g was isolated. The PS used in this block copolymer had a 

= 7700 with a polydispersity of 1.10 (IV^/MJ . The 
molecular weight of the PVP block was 4100, which gives a 
5 total molecular weight of 11800 for the block copolymer. 

Example 5. Procedure for Ouaternization of PS-b- PVP with 
p- chl or ome t hvl s t vr ene . 

These reactions were carried out on quantities 
varying from 2 to 6 g. To a flame dried 100 mL round 
bottom flask was added PS-b-PVP {1 equiv.) and THF (20-25 
mL) . After about 2 h of stirring under a N 2 flow, 
p-chloromethylstyrene (15-100 equivalents based upon 
polymer chains) was added. A pale yellow color was almost 
immediately evident. The flask was covered with aluminum 
foil and stirred for 16-17 h, then MeOH (20-25 mL) was 
added. A more intense yellow became evident over the next 
few hours. After 2.5 days, MeOH (7 mL) was added and an 
additional portion of MeOH (7 mL) was added 12 h later. 
Samples were taken periodically and precipitated into 
hexane, filtered, and dried. If *H NMR indicated 
incomplete quaternization (presence of sharp vinyl peaks), 
then an additional amount of MeOH (ca. 7 mL) was added. 
This process was repeated every 12 h. Over this time, the 
reaction mixture color changed to a blue/green. The total 
stirring time of the reaction ranged from 100 to 190 h. 
The reaction mixture was then precipitated into hexane and 
allowed to settle for 4 to 8 h. The hexane was decanted 
off and the green solid was dried in vacuo for 1-2 days. 
IR (KBr) 3100-2960, 2930-2800, 1950, 1870, 1810, 1640, 
1600, 1560, 1490, 1450, 1420, 1380-1320, 1230, 1160, 1080, 
1040, 1010, 910, 840, 770, 710 cm" 1 ; *H NMR (CD 3 OD : CDC1 3 , 
2:1) 6 1.1 - 2.0 (br m, CH 2 and CH of backbone), 5.1 -5.2 
(br d, J = 10 Hz, (trans CH=CHPh) styrene ) , 5.3 - 5.8 (br m, 
(cis CH=CHPh) styrene and PyrN+CH 2 Styrene) , 6.2 - 6.7 (br m, (2 
ortho ArJT) PS , (2 Artf) pvp , gem CH 2 =CHPh) styrene ) , 6.7-7.0 (br 
m, (2 meta ArH and para ArH) ps ), 7.1 - 7.5 (br m, (2 
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ArH Ut. pvp and (4 ArH) styrene ) , 7.8-8.2 (br m, (2 ArH) pvp ), 
8.2-8.8 (br m, (2 ArH) quat PVP ) ppm. 

Polystyrene-l>-Polyvinylpyridine-N-chlorom©thylstyrene 
5 (4). This was prepared from PS-b-PVP 1 (5.30 g, 0.371 
mmol) and p-chloromethylstyrene (5.29 g, 35 mmol ) with 
total quaternization time being 170 h to give 4 as a green 
solid. The fraction of pyridyl groups that were 
quaternized was found to be 46 %, based upon the elemental 
0 analysis data for the percentages of CI and N: yield 7.64 
g (99 %); (T g ) PS = 83 °C, (T g ) pvp = 187 °C; Anal, calc'd. 
for C 1375 H 1375 N 91 C1 42 (20700): C, 79.92 %; H, 6.71 %; N, 
6.17 %; CI, 7.21 % ; Found: C, 72.27 %; H, 6.74 %; N, 5.82 
%; CI, 6.82 %. 

5 

Polystyrene-Jb-Polyvinylpyridino-N-chlororoethylstyrone 
(5). This was prepared from PS-b-PVP 2 (4.65 g, 0.435 
mmol) and p-chloromethylstyrene (3.96 g, 26 mmol) with 
total quaternization time being 120 h to give 5 as a green 
0 solid. The fraction of pyridyl groups that were 

quaternized was 47 %, based upon the elemental analysis 
data for the percentages of CI to N: yield 6.20 g {98 %) ; 
(T g ) PS = 94 °C, (T g ) pvp = 193 °C. Anal, calc'd. for 
C 995 H 995 N 55 C1 26 (14600): C, 81.60 %; H, 6.85 % ; N, 5.26 % ; 
CI, 6.29 %; Found: C, 77.35 % ; H, 7.12 %; N, 4.92 %; CI, 
5.84 %. 



Polystyrene-Jb- Polyvinylpyr idine -N- chloromethyl styrene 
(6). This was prepared from PS-b-PVP 3 (2.94 g, 0.249 
mmol) and p-chloromethylstyrene (1.90 g, 12.4 mmol) with 
total quaternization time being 185 h to give 6 as a green 
solid . The fraction of pyridyl groups that were 
quaternized was 43 %, based upon the elemental analysis 
data for the percentages of CI to N: yield 3.27 g (91 %) • 
( T 3 )ps = 97 °C, (T g ) pvp = not observed. Anal, calc'd. for 
C 1018 H 1018 N 39 C1 17 (14400): C, 84.90 % ; H, 7.12 % ; N, 3.79 
%; CI, 4.18 %; Found: C, 82.99 %; H, 7.53 %; N, 3.54 %; 
CI, 3.85 %. 
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Polystyrene-l>-Polyvinylpyridine-N-chloromethylstyxene 

(13) . This was prepared from PS-b-PVP 2 (3.08 g, 0.288 
mmol) and p-chloromethylstyrene (0.66 g, 4.3 5 mmol) with 
total quaternization time being 117 h to give 13 as a 

5 green solid . The fraction of pyridyl groups that were 
quaternized was 15 %, based upon the elemental analysis 
data for the percentages of CI to N: yield 3.25 g (95 %) ; 
(T g ) ps = 103 °C, (T g ) PVP = 158 °C. Anal, calc'd. for 
C 833 H 833 N 55 C1 8 (H900): C, 84.09 %; H, 7.06 %; N, 6.47 %; 
10 CI, 2.38 %; Found: C, 81.99 %; H, 6.99 %; N, 6.21 %; CI, 
2.37 %. 

Polystyrene-Jb-Polyvinylpyridine-N-chloromethylstyrene 

(14) . This was prepared from PS-jb-PVP 2 (3.06 g, 0.286 
15 mmol) and p-chloromethylstyrene (1.20 g, 7.85 mmol) with 

total quaternization time being 117 h to give 14 as a 
green solid. The fraction of pyridyl groups that were 
quaternized was 21 %, based upon the elemental analysis 
data for the percentages of CI to N: yield 3.29 g (92 %) ; 
20 (T g ) PS = 98 °C, (T g ) pvp = not observed. Anal, calc'd. for 
C 869 H 869 N 55 C1 12 (12500): C, 86.38 %; H, 7.25 %; N, 6.38 %; 
CI, 3.52 %; Found: C, 81.15 %; H, 7.45 %; N, 6.01 %; CI, 
3.24 %. 

2 5 Polystyrene- Jb-Polyvinylpyridine-N-chloromethylstyrene 

(15) . This was prepared from PS-b-PVP 3 (4.54 g, 0.385 
mmol) and p-chloromethylstyrene (2.32 g, 15.2 mmol) with 
total quaternization time being 132 h to give 15 as a 
green solid . The fraction of pyridyl groups that were 

30 quaternized was 32 %, based upon the elemental analysis 

data for the percentages of CI to N: yield 5.29 g (99 %) ; 
(T g ) ps = 101 °C, (T g ) PVP = 176 °C. Anal, calc'd. for 
C 982 H 982 N 39 C1 13 (13800): C, 85.52 %; H, 7.18 %; N, 3.96 %; 
CI, 3.34 %; Found: C, 83,60 %; H, 7.07 %; N, 3.97 %; CI, 

35 3.25 %. 

Polystyrene-Jb-Polyvinylpyridine-N-chloroinethylstyrene 

(16) . This was prepared from PS-b-PVP 3 (2.86 g, 0.242 
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mmol) and p-chloromethylstyrene (1.40 g, 9.15 mmol) with 
total quaternization time being 185 h to give 16 as a 
green solid. The fraction of pyridyl groups that were 
quaternized was 3 8 %, based upon the elemental analysis 
data for the percentages of CI to N: yield 3.30 g (97 %) ; 
(T g ) PS = 101 °C, (T g ) pvp = 175 °C. Anal, calc'd. for 
C 1000 H 1000N 3 9Cli5 (14100): C, 85.20 %; H, 7.15 % ; N, 3.88 
%; CI, 3.77 %; Found: C, 83.39 %; H, 7.27 %; N, 3.60 %; 
CI, 3.50 %. 

Example 6. Procedure for mic ellizati on and cross-1 inking 
of Polystyrene-b-Polwin v lpyridine-N-chl oromPthvl stvrene 
to form Particles . 

To a 250 mL quartz reaction vessel was added 
polystyrene-b-polyvinylpyridine-N-chloromethylstyrene and 
appropriate volumes of THF and then H 2 0 to give a solution 
concentration from 5 x 10" 5 to 9 x 1 0" 5 M and a THF : H 2 0 
ratio of approximately 1:2.5. A septum was placed in the 
flask and the reaction mixture was stirred under a N 2 flow 
for 1.75 to 19 h depending upon the experiment. The 
initiator 4 , 4 ' -azobis (4-cyanovaleric acid) was then added 
and allowed to stir for up to 2 h. Irradiation was then 
performed on the open flask for 24 h within a Rayonet 
photochemical reactor, which resulted in a decrease in 
volume due to loss of ca. 50% of the THF from the heat 
generated by the lamp during irradiation. All samples 
were filtered through a 0.45 urn PTFE filter and AFM was 
performed. Spectroscopic characterization for each of the 
particles included the following data: IR (KBr) 3530- 
3100, 3060, 3030, 3000, 2940-2820, 1740-1680, 1650, 1600, 
1560, 1480, 1470, 1450-1370, 1280, 1240-1170, 1100-1040, 
780, 710 cm" 1 . Solution-state X H NMR (D 2 0:THF-d 8 , 3:1) 6 1- 
2.8 (aliphatic protons of polymer backbone and initiator), 
6.3-7.5 (aromatic protons of PS) ppm. Solid-state 13 C NMR 
8 10-50 (PS and PVP aliphatic backbone, initiator methyl 
and methylene carbons), 50-75 (benzylic methylenes of p- 
chloromethylstyrene-quaternized PVP and initiator 
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methine) , 110-150 (PS and PVP aromatic carbons), 150-165 
(initiator carboxylic acid carbonyl) ppm. 

Particle (7). This was prepared from 4 (0.35 g, 
5 0.017 mmol) in THF (70 mL) and H 2 0 (170 mL) and allowed to 
stir for 16 h. 4 , 4 ' -azobis ( 4-cyanovaleric acid) (0.17 g, 
0.59 mmol) was added (63 mol % based on available styrenyl 
groups) and the reaction mixture was allowed to stir for 1 
h prior to irradiation for 24 h. During irradiation, the 
0 solution changed color from very light green to bright 
yellow. An average diameter of 9.0 ± 3.0 nm was obtained 
from AFM. 

Particle (8). This was prepared from 5 (0.21 g, 
5 0.014 mmol) in THF (70 mL) and H 2 0 (180 mL) and allowed to 
stir for 12 h. 4 , 4 ' -azobis (4-cyanovaleric acid) (0.08 g, 
0.29 mmol) was added (63 mol % based on available styrenyl 
groups) and the reaction mixture was allowed to stir for 
0.5 h prior to irradiation for 24 h. During irradiation, 
the solution changed color from very light green to bright 
yellow. An average diameter of 15 ± 2 nm was obtained 
from AFM. 

Particle (9). This was prepared from 6 (0.23 g, 
0.016 mmol) in THF (60 mL) and H 2 0 (150 mL) and allowed to 
stir for 17.75 h. 4 , 4 ' -azobis (4-cyanovaleric acid) (0.05 
g, 0.18 mmol) was added (61 mol % based on available 
styrenyl groups) and the reaction mixture was allowed to 
stir for 1.25 h prior to irradiation for 24 h. During 
irradiation, the solution changed color from very light 
green to yellow with an oil-like precipitate forming on 
the sides of the flask. An average diameter of 23 ± 4 nm 
was obtained from AFM. 

Particle (10). This was prepared from 4 (0.24 g, 
0.012 mmol) in THF (70 mL) and H 2 0 (180 mL) and allowed to 
stir for 2 h. 4 , 4 ' -azobis ( 4-cyanovaleric acid) (0.11 g, 
0.40 mmol) was added (64 mol % based on available styrenyl 
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groups) and the reaction mixture was allowed to stir for 
0.5 h prior to irradiation for 24 h. During irradiation, 
the solution changed color from very light green to a 
light yellow. An average diameter of 7 ± 2 nm was 
5 obtained from AFM. 



Particle (11). This was prepared from 5 (0.21 g, 
0.014 mmol) in THF (70 mL) and H 2 0 (180 mL) and allowed to 
stir for 2 h. 4 , 4 ' -azobis (4-cyanovaleric acid) (0.08 g, 

10 0.29 mmol) was added (63 mol % based on available styrenyl 
groups) and the reaction mixture was allowed to stir for 
0.5 h prior to irradiation for 24 h. During irradiation, 
the solution changed color from very light green to light 
yellow. An average diameter of 14 ± 2 nm was obtained 

15 from AFM. 



20 



25 



Particle (12). This was prepared from 15 (0.24 g, 
0.017 mmol) in THF (80 mL) and H 2 0 (170 mL) and allowed to 
stir for 1.5 h. 4 , 4 ' -azobis ( 4-cyanovaleric acid) (0.05 g, 
0.19 mmol) was added (85 mol % based on available styrenyl 
groups) and allowed to stir for 0.25 h prior to 
irradiation for 24 h. During irradiation, the solution 
changed color from very light green to a light yellow and 
was turbid with formation of a white precipitate on the 
sides and bottom of the flask. An average diameter of 19 
± 4 nm was obtained from AFM. 



Particle (17). This was prepared from 13 (0.20 g, 
0.017 mmol) in THF (60 mL) and H 2 0 (150 mL) and allowed to 

30 stir for 12.75 h. 4 , 4 ' -azobis ( 4-cyanovaleric acid) (0.02 
g, 0.07 5 mmol) was added (55 mol % based on available 
styrenyl groups) and the reaction mixture was allowed to 
stir for 0.75 h prior to irradiation for 24 h. During 
irradiation, the solution changed color from very light 

35 green to yellow and was slightly turbid with some 
precipitate floating in the solution. After a week, 
precipitate appeared on the bottom of the storage flask. 
An average diameter of 18 ± 3 nm was obtained from AFM. 



124 



WO 97/49387 



PCT/US97/11345 



Particle (18). This was prepared from 14 (0.21 g, 
0.017 mmol) in THF (60 mL) and H 2 0 (160 mL) and allowed to 
stir for 17 h. 4 , 4 ' -azobis (4-cyanovaleric acid) (0.10 g, 
5 0.3 6 mmol) was added (178 mol % based on available 

styrenyl groups) and the reaction mixture was allowed to 
stir for 2 h prior to irradiation for 24 h. During 
irradiation, the solution changed color from very light 
green to bright yellow with no evidence of precipitate. 
0 After ca. 10 days some precipitate had formed in the 

bottom of the storage flask. An average diameter of 16 ± 
3 nm was obtained from AFM . 

Particle (19). This was prepared from 15 (0.23 g, 
0.017 mmol) in THF (70 mL) and H 2 0 (180 mL) and allowed to 
stir for 11.5 h. 4 , 4 ' -azobis (4-cyanovaleric acid) (0.05 
g, 0.19 mmol) was added (85 mol % based on available 
styrenyl groups) and the reaction mixture was allowed to 
stir for 0.5 h prior to irradiation for 24 h. During 
irradiation, the solution changed color from very light 
green to light yellow and was turbid with white solid 
precipitate on the sides of the flask and floating in the 
solution. An average diameter of 27 ± 5 nm was obtained 
from AFM . 

Particle (20). This was prepared from 16 (0.24 g, 
0.017 mmol) in THF (70 mL) and H 2 0 (170 mL) and allowed to 
stir for 15.5 h. 4 , 4 ' -azobis ( 4-cyanovaleric acid) (0.05 
g, 0.18 mmol) was added (67 mol % based on available 
styrenyl groups) and the reaction mixture was allowed to 
stir for 0.5 h prior to irradiation for 24 h. During 
irradiation, the solution changed color from very light 
green to light yellow and was turbid with white solid 
precipitate on the sides of the flask. An average 
diameter of 29 ± 2 nm was obtained from AFM. 

Example 7. Bromo-po lvethvlene oxide f 1950 ) -monomethvl 
ether £21 ) . 
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Polyethylene glycol monomethyl ether (20.7 g, 0.011 
mol, Scientific Polymer Products, MW 1900) was dissolved 
in THF (35 mL) with application of heat, and then carbon 
tetrabromide (8.37 g, 0.025 mol) and triphenyl phosphine 
5 (6.54 g, 0.025 mol) were added. After 5-10 minutes of 

stirring under a N 2 flow, a cloudy white precipitate began 
to form. The solution was allowed to stir for 0.5 hour, 
and then the THF was removed in vacuo. The product was 
purified by flash column chromatography eluting with CH 2 C1 2 

10 and increasing the polarity to 10% MeOH/CH 2 Cl 2 to give 21 
as a white solid: yield 18.6 g (88%). l H NMR (CDC1 3 ) 8 3.30 
(s, -OCH 3 ), 3.40 (t, J = 8 Hz, BrCH 2 CH 2 -) , 3.58 (br m, 
-OCH 2 CH 2 0-) , 3.74 ( t , J = 8 Hz, BrCH 2 CH 2 -) ppm. Anal, 
calc'd. for C 85 H 171 Br0 42 (1950): C, 52.49 %; H, 8.86 % ; 

15 Br, 4.11 %; Found: C, 51.90 %; H , 8.56 %; Br, 4.42 %. 
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Example 6. Procedure for the Ouaternization of 
Polvstvrene-Jb-Pol winvlDvridine-N-chloromethvlstyrene with 
21 and then Crosslinking to Form the Particles. 

5 To a 250 mL quartz reaction vessel was added 

polystyrene-i>-polyvinylpyridine-N-chloromethylstyrene and 
an appropriate volume of THF and then H 2 0 to give a 
solution concentration between 5 x 10" 5 and 7 x 10" 5 M in a 
THF : H 2 0 solvent mixture with a ratio of approximately 

10 1:2.5. The reaction mixture was allowed to stir for 4 to 
6.5 hours under a N 2 flow. The f unctionalized 
polyethyleneoxide 21 was added and the mixture was allowed 
to stir for an additional 11-13 hours before 
4, 4'-azo£is(4-cyanovaleric acid) was added (50 to 80 mol % 

15 based available styrenyl groups) and allowed to stir for 
up to 1 hour. Irradiation on the open flask was then 
performed for 24 hours within a Rayonet photochemical 
reactor, which resulted in a decrease in volume due to 
loss of THF from the heat generated by the lamp. All 

20 samples were filtered through a 0.45 jam PTFE filter and 
AFM was performed. 

PEO-f unctionalized Particle (22) . To a quartz 
reaction vessel was added 15 (0.25 g, 0.018 mmol) , THF (80 

25 mL) and H 2 0 (180 mL) . The reaction mixture was stirred for 
5.5 hours under a N 2 flow, 21 (0.26 g, 0.14 mmol, 7.6 
equiv.) was added, and stirring was continued for 12.25 
hours. 4,4'~azo£>is(4-cyanovaleric acid) (0.05 g, 0.19 
mmol) was added (79 mol % based on available styrenyl 

30 groups), the reaction mixture was allowed to stir for 0.25 
hour, and the reaction vessel was then irradiated for 2 4 
hours. During irradiation, the solution became slightly 
yellow in color and was extremely turbid with some 
precipitate formation. An average diameter of 22 ± 4 nm 

35 was obtained from AFM. 
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PEO-functionalized Particle (23). To a quartz 
reaction vessel was added 5 (0.20 g, 0.014 mmol) , THF (70 
mL) and H 2 0 (180 mL) . The reaction mixture was stirred for 
4 h under a N 2 flow, 21 (0.21 g, 0.11 mmol, 7.9 equiv. ) was 
added, and stirring was continued for 12 hours. 
4,4'-azobis(4-cyanovaleric acid) (0.06 g, 0.22 mmol) was 
added (50 mol % based on available styrenyl groups), the 
reaction mixture was allowed to stir for 0.5 hour, and the 
reaction vessel was then irradiated for 20.5 hours. The 
particle solution was a golden yellow color. An average 
diameter of 12 ± 2 ran was obtained from AFM. 



PEO-functionalized Particle (24). To a quartz 
reaction vessel was added 4 (0.25 g, 0.012 mmol), THF (70 
15 mL) and H 2 0 (180 mL) . The reaction mixture was stirred for 
5.25 hours under a N 2 flow, 21 (0.19 g, 0.10 mmol, 7.9 
equiv.) was added, and stirring was continued for 12.25 
hours. 4, 4' -azobis ( 4 -cyanovaleric acid) (0.10 g, 0.3 6 
mmol) was added (54 mol % based on available styrenyl 
20 groups), the reaction mixture as allowed to stir for 0.5 
hour, and the reaction vessel was then irradiated for 24 
hours. The particle solution was a golden yellow color. 
An average diameter of 12 ± 2 ran was obtained from AFM. 

25 
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Table 10 


Data 


for the 


Particles 










particle 


PS:£>VP 


Polymer 


Percent 


PEO 




Particle 




Ratio 


Molecu- 


Quater- 


Quater- 


Forma- 


Dia- 






lar 


niza- 


niza- 


tion 


meter a 






Weights 


tion 


tion? 


Time 


(nm) 


















V CXI. lall I 


in PS.-PVP block length ratios: 








7 


1:2.0 


20700 


46 


NO 


17 


9 


± 3 


8 


1:1.2 


14600 


47 


NO 


12.5 


15 


± 2 


9 


1.9:1 


14400 


43 


NO 


19 


23 


± 4 


Variation 


in micelle formation time: 










10 


1:2.0 


20700 


46 


NO 


2.5 


7 


± 2 


7 


1:2.0 


20700 


46 


NO 


17 


9 


± 3 


11 


1:1.2 


14600 


47 


NO 


2.5 


14 


± 2 


8 


1:1.2 


14600 


47 


NO 


12 .5 


15 


± 2 


12 


1.9:1 


13800 


32 


NO 


1.75 


19 


± 4 


19 


1.9:1 


13800 


32 


NO 


12 


27 


± 5 


Variation 


in percent cjuaternization : 










17 


1:1.2 


11900 


15 


NO 


13.5 


18 


± 3 


18 


1:1.2 


12500 


21 


NO 


19 


16 


± 3 


8 


1:1.2 


14600 


47 


NO 


12.5 


15 


± 2 


19 


1.9:1 


13800 


32 


NO 


12 


27 


± 5 


20 


1.9:1 


14100 


38 


NO 


16 


29 


± 2 


9 


1.9:1 


14400 


43 


NO 


19 


23 


± 4 


Addition of PEO: 














24 


1:2.0 


20700 b 


46 b 


YES 


18 


12 


± 2 


7 


1:2.0 


20700 


46 


NO 


17 


9 


± 3 


23 


1:1.2 


14600 b 


47 b 


YES 


16.5 


12 


± 2 


8 


1:1.2 


14600 


47 


NO 


12.5 


15 


± 2 


22 


1.9:1 


13800 b 


32 b 


YES 


18 


22 


± 4 


19 


1.9:1 


13800 


32 


NO 


12 


27 


± 5 



3 00 particles by tapping mode AFM of particles adsorbed 
onto mica. Uncertainties are calculated as standard 
deviations of average particle sizes. 

b The molecular weights and quaternization percentages for 

22-24 are prior to PEO quaternization. 

PS = polystyrene 

PVP = polyvinylpyridine 

PEO = polyethyleneoxide 
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Table 11. Glass Transition Temperatures (T g 's) of the 
polystyrene (PS) and polyvinylpyridine (PV) blocks of 4-6, 
obtained from DSC scans with heating rates of 10 °C/min ' 
over the temperature range from 50 to 22 0 °C 

5 



10 



DSC 
Heating 
Scan No . 


4 




5 




6 




13 




PS 


' PVP 


PS 


PVP 


PS 


PVP 


PS 


PVP 




(T g ) 


(T g ) 


(T g ) 


(T g ) 


(Tg) 


(T g ) 


(T g ) 


(T g ) 




°C 


°C 


°C 


°C 


°C 


°C 


°C 


°C 


Second 
Third 
Fourth 


80 
83 
82 


183 
187 
191 


93 

94 
92 


193 
197 


97 
96 


a 
b 
b 


98 
103 
102 


148 

158 
154 


Fifth 


78 


199 


92 


200 


96 


b 


100 


157 



a A broad endotherm was observed from 120 to 190 °C. 
b A broad endotherm was observed from 12 0 to 22 0 °C. 
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Example 7. Crossl i nking of Polystyrene-b-polv (acrvl i r 
acid) (PS-b-PAA) with 1- ( 3 -Dimethvlaminonropvl ) -3- 
ethylcarbodiimide and 2 , 2 ' - (EthvlgnPdioxv) hi s (ethvlamine) 
and Poly ( ethyl eneimine) (molecular weight = 600) 

The crosslinking reaction by amide links was 
performed for the micelles formed from diblock PS-b-PAA i 
solution (Scheme 3) 




l.CH2N^2*(CH^CH&I 
2Q35n ^y^O^^Nbj 

3.0EN<H^CH^a%I 
4.Q15nIH 




10 



15 



20 



Scheme 3. The Crosslinking of the Carboxylic Acid Side 
Chain Groups of the Polyacrylic Acid Block by Amide Bond 
Formation with 1- (3 -Dimethylaminopropyl ) -3 - 
ethylcarbodiimide and 2 , 2 1 - ( Ethyl enedioxy) bis (ethylamine) 
and Poly (ethyl eneimine) . 

To a stock solution of PS-b-PAA aqueous micellar 
solution (0.7 mg/mL, 35 mL, 0.127 mmol acrylic acid unit) 
was added 1- (3 -dimethylaminopropyl) -3-ethylcarbodiimide 
methiodide (26.4 mg, 0.0889 mmol, 70% of the total amount 
of 
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acrylic acid units) . The mixture was allowed to stir for 
15 min before the crosslinking reagent 2,2*- 
( ethyl enedioxy) bis (ethylamine) (6.59 mg, 0.0445 mmol) was 
added. The reaction mixture was stirred for 3 0 minutes at 

5 room temperature. Then, to the mixture was added l-(3- 
dimethylaminopropyl) -3-ethylcrbodiimide methiodide (11.3 
mg, 0.0381 mmol, 30% of the total amount of acrylic acid 
units) and polyethylenimine (3.28 mg) . The resulting 
mixture was sitrred for 3 hours at room temperature and 

0 then transferred toa dialysis bag and dialyzed against 
distilled water for 24 hours to remove small by-products. 



5 Example 8. Crosslinking of Polystyrene -b-r>olv (acrylic 

acid) (PS-b-PAA) with 1- ( 3-Dimethylaminoproovl 1-3- 

ethvlcarbodiimide m ethi8odide and Triethylenetetramine or 
1 , 7-Diaza-4 , 10-diaz onium-4 ,4,10, 10- tetramethvlundecane 
di iodide . 

0 

The crosslinking reaction by amide links was performed for 
the micelles formed from diblock PS-b-PAA in aqueous 
solution (Scheme 4) . 



0 
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5 



0 



5 



0 



5 




Schema 4. The Crosslinking of the Carboxylic Acid Side 
0 Chain Groups of the Polyacrylic Acid Block by Amide Bond 
Formation with 1- (3-Dimethylaminopropyl ) -3- 
ethylcarbodiimide methi8odide and Triethylenetetramine or 
1, 7-Diaza-4, 10-diazonium-4 , 4,10, 10-tetramethylundecane 
di iodide . 
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To a stock solution of PS-b-PAA aqueous micellar 
solution (0.7 mg/mL, 3 5 mL, 0.127 mmol acrylic acid unit) 
was added 1- ( 3 - dimethyl ami nopropyl ) -3 -ethylcarbodiimide 
methiodide (37.7 mg, 0.127 mmol). The mixture was allowed 
5 to stir for 15 min before the crosslinking reagent 
triethylenetetramine or 1 , 7-diaza-4 , 10-diazonium- 
4, 4, 10, 10-tetramethylundecane diiodide was added. The 
resulting mixture was sitrred for 3 hours at room 
temperature and then transferred toa dialysis bag and 
10 dialyzed against distilled water for 24 hours to remove 
small by-products. 



Example 9. Uptake of Sodium Cholate by Particles of this 

15 Invention. Assay Using Siam a Diagnostic Bile Acids 

Reagent Test Kit, and UV-Vi s Absorption Monitored at 530 
nm. 

The following experiments demonstrate the ability of 
2 0 the particles of this invention to bind bile acids, in 
particular cholic acid or its sodium salt. 

In these timecourse experiments a solution or 
suspension of one of particles of this invention was 
placed inside a dialysis bag. A separate dosing solution 

2 5 was prepared containing an indicated amount of sodium 

cholate. The filled dialysis bag was immersed in the 
dosing solution at 25°C. Thus there was no direct mixing 
of particles and sodium cholate. Subsamples of the dosing 
solution were then collected as a function of time. The 

3 0 concentration of cholic acid in each subsample was 

measured as a function of time. Particles possessing 
different chemical and physical properties were examined 
in these experiments. The control experiment was 
performed in a similar fashion, except that the dialysis 
3 5 bag was filled with deionized water rather than with a 
solution or suspension of particles. 
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1. Uptake of Sodium Cholate by the Particle of Example 2. 

la. A solution of the particles of Example 2 (10 mL, 1 
mg/mL) was added to a dialysis bag and the dialysis bag 
5 was transferred to 200 mL of sodium cholate solution 

(initial concentration of sodium cholate is 0.20 mM, and 
becomes 0.19 mM due to dilution by solvent in the dialysis 
bag) . Subsamples of the sodium cholate solution were 
taken as a function of time and assayed by UV absorbance 
10 at 53 0 run wavelength. 



Time 



Absorbance 



Cholic 
acid cone . 
(mM) 



Cholic 
acid 

Uptake (g) 



g cholic 
acid per g 
of SCK 



1 min 0 .520 0.200 0 0 

15 30 min 0.525 0.202 **** **** 

4 h 0.570 0.219 **** *★** 

6 h 0.527 0.203 **** **** 

17 h 0.532 0.205 **** **** 

20 h 0.565 0.217 **** **** 
2 0 (SCK refers to a particle of the present invention. More 

specifically it means " Shell-Crosslinked Kenedel . " ) 
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lb. A solution of the particles of Example 2 (10 mL, 1 
mg/mL) was added to a dialysis bag and the dialysis bag 
was transferred to 200 mL of sodium cholate solution 
(initial concentration of sodium cholate is 2.0 mM) . 
5 Subsamples of the sodium cholate solution were taken as a 
function of time and assayed by UV absorbance at 530 nm 
wavelength. 



Time 



Absorbance 



10 



15 



I min 

3 0 min 

4 h 

II h 
24 h 



0.36 
0.36 
0.35 
0.37 
0 .37 



Cholic 
acid cone. 
(mM) 

2.0 
2.0 
1.9 
2.1 
2.1 



Cholic 
acid 

Uptake (g) 



0 

* * * * 

* * * * 

* * * * 

* * * * 



g cholic 
acid per g 
of SCK 



0 

★ * * * 

★ * * * 

★ * * * 

★ * * * 
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2. Uptake of Sodium Cholate by the Particles of Example 7. 



2a. A solution of the particles of Example 7 (10 mL, 1 
5 mg/mL) was added to a dialysis bag and the dialysis bag 
was transferred to 2 00 mL of sodium cholate solution 
(initial concentration 0.2 mM, diluted concentration 0.19 
mM) . Subsamples of the sodium cholate solution were 
taken as a function of time and assayed by UV absorbance 
10 at 53 0 nm wavelength. 



Time 



Absorbance 



Cholic 
acid cone 
(mM) 



Cholic 
acid 

Uptake (g) 



g cholic 
acid per g 
of SCK 



15 



20 



1 min 
10 min 
4 h 
6 h 
17 h 

20 h 

21 h 



0.570 
0.590 
0.557 
0.525 
0.521 
0.511 
0.522 



0 .200 
0 .207 
0 . 189 
0.184 
0.183 
0.179 
0.183 



0 

* * * * 

0.09 
0.54 
0.63 
0.99 
0.63 



0 

* * * * 

0 . 009 
0.054 
0 .063 
0. 099 
0 . 063 
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2b. A solution of the particles of Example 7 (11 mL, 1 
mg/mL) was added to a dialysis bag and the dialysis bag 
was transferred to 2 00 mL of sodium cholate solution 
(initial concentration 1,20 mM, diluted concentration 1.14 
5 mM) . Subsamples of the sodium cholate solution were 
taken as a function of time and assayed by UV absorbance 
at 53 0 nm wavelength. 



Time 


Absorbance 


Cholic 


Cholic 


g choli< 






acid cone. 


acid 


acid pe: 






(mM) 


Uptake (g) 


of SCK 


5 min 


0.412 


1.20 


0 


0 


45 min 


0.385 


1.12 


1 . 8 


0 . 17 


1 h 


0.390 


1.14 


0 


0 


2 h 


0.330 


0.961 


16.3 


1.5 


6 


0.330 


0.961 


16. 3 


1 . 5 


19 


0.310 


0.903 


21. 5 


2 . 0 


21 


0.317 


0.923 


19 . 9 


1 . 8 


22 


0.327 


0.950 


17.2 


1.6 
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3. Uptake of Sodium Cholate by the Particles of Example 8, 
Wherein the Crosslinking Reagent is Triethylenetetraamine . 

Run 1. A solution of the particles of Example 8 wherein 
5 the crosslinking reagent is triethylenetetraamine (11.5 
mL, 0.89 mg/mL) was added to a dialysis bag and the 
dialysis bag was transferred to 200 mL of sodium cholate 
solution (initial concentration 1.205 mM, diluted 
concentration 1.139 mM) . Subsamples of the sodium 

10 cholate solution were taken as a function of time and 
assayed by UV absorbance at 53 0 nm wavelength. 



Time Absorbency Cholic Cholic g cholic 

acid cone. acid acid per 

(mM) Uptake (g) of SCK 



15 0 min 0.391 1.205 0 0 

15 min 0.380 1.166 **** **** 

1 h 0.372 1.142 **** **** 

3 h 0.364 1.117 2.0 0.19 

6 h 0.348 1.068 6.5 0.63 

20 12 h 0.334 1.025 10.4 1.01 

22 h 0.315 0.967 15.4 1.50 

28 h 0.325 0.997 12.9 1.25 

32 h 0.325 0.997 12.9 1.25 



25 
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Run 2. A solution of the particles of Example 8 wherein 
the crosslinking reagent is triethylenetetraamine (10.0 
mL, 1.0 mg/mL) was added to a dialysis bag and the 
dialysis bag was transferred to 200 mL of sodium cholate 
5 solution (initial concentration 1.20 mM, diluted 
concentration 1.14 mM) . Subsamples of the sodium 
cholate solution were taken as a function of time and 
assayed by UV absorbance at 530 nm wavelength. 



10 



15 



Time 


Absorbance 


Cholic 


Cholic 


g cholic 






acid cone. 


acid 


acid per 






(mM) 


Uptake (g) 


of SCK 


0 min 


0 .370 


1.20 


0 


0 


3 0 min 


0. .346 


1 . 12 


1 . 8 


0.18 


1 h 


0.346 


1.12 


1 . 8 


0. 18 


3 h 


0.346 


1.12 


1 . 8 


0.18 


7 h 


0.344 


1 . 12 


1 . 8 


0. 18 


9 h 


0 .342 


1.11 


2.7 


0.27 


18 h 


0.340 


1 .10 


3.6 


0.36 


20 h 


0.332 


1.08 


5.4 


0.54 
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4. Uptake of Sodium Cholate by the Particles of Example 
8, Wherein the Crosslinking Reagent Is 1, 7-Diaza-l, 10- 
diazonium-4 , 4 , 10 , 10-tetramethylundecane Diiodide . 



10 



15 



A solution of the particles of Example 8 wherein the 
crosslinking reagent is 1 , 7-diaza-l , 10-diazonium- 
4, 4, 10, 10-tetramethylundecane diiodide (10.0 mL, 0.9 
mg/mL) was added to a dialysis bag and the dialysis bag 
was transferred to 200 mL of sodium cholate solution 
(initial concentration 1.20 mM, diluted concentration 1.14 
mM) . Subsamples of the sodium cholate solution were taken 
as a function of time and assayed by UV absorbance at 530 
nm wavelength. 



Time 



Absorbance 



Cholic 
acid cone 
(mM) 



Cholic 
acid 

Uptake (g) 



g cholic 
acid per g 
of SCK 



20 



25 



0 min 
30 min 

1 h 
3 h 
7 h 
9 h 
18 h 
20 h 



0.406 
0.382 
0.382 
0.381 
0.385 
0.374 
0.366 
0.356 



1.20 
1.13 
1 . 13 
1.13 
1.14 
1.10 
1.08 
1. 05 



0 

0.90 

0.90 

0.90 
* * * * 

3.6 
5.4 
8.1 



0 

0.10 

0.10 

0.10 
* + * * 

0.40 
0.60 
0. 90 
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5. Comparison Experiment of Cholestyramine Resin 

A sample containing 10.0 mg cholestyramine in 10 mL 
deionized water was added to a dialysis bag and the 
dialysis bag was transferred to 200 mL of sodium cholate 
solution (initial concentration 1.20 mM, diluted 
concentration 1.14 mM) . Subsamples of the sodium cholate 
solution were taken as a function of time and assayed by 
UV absorbance at 53 0 ran wavelength. 



Time 



Absorbance 



0 min 
30 min 

1 h 
3 h 
7 h 
9 h 
18 h 
20 h 



0 .400 
0 .396 
0.392 
0 .385 
0 .386 
0 .384 
0.366 
0.362 



Cholic 
acid cone 
(mM) 



1 

1 

1 

1. 

1. 

1 . 

1. 

1. 



20 
19 
18 
16 
16 
15 
10 
08 



Cholic 
acid 

Uptake (g) 



0 

* * * * 

* * * * 

* * * * 

* * * * 

* * * * 

3.6 
5.4 



g cholic 
acid per g 
of SCK 

0 

* * * * 

* * * * 

* * * * 
-*■*** 

0.36 
0.54 
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6. Control Experiment 

A 10 mL sample of deionized water was added to a dialysis 
bag and the dialysis bag was transferred to 200 mL of 
sodium cholate solution (initial concentration 1.20 mM, 
5 diluted concentration 1.14 mM) . 



10 



15 



Time 



0 min 
30 min 

1 h 
3 h 
7 h 
9 h 
18 h 
20 h 



Absorbance 



0 . 378 
0. 363 
0.354 
0.382 
0.368 
0. 366 
0 .365 
0.3 67 



Cholic 

acid cone. 

(mM) 

1.20 

1.15 

1. 12 

1.21 

1. 17 

1.16 

1. 16 

1. 17 



Cholic 
acid 

Uptake (g) 

0 

0 

0 

0 

0 

0 

0 

0 



g cholic 

acid per g 

of SCK 

0 

0 

0 

0 

0 

0 

0 

0 
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The invention being thus described, it is apparent 
that the same can be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and 
scope of the present invention, and all such modifications 
5 and equivalents as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 
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What Is Claimed Is : 

1. A particle comprising amphiphilic copolymers, 
having a crosslinked shell domain and an interior core 
domain . 

,2. The particle of claim 1, wherein said crosslinked 
shell domain is permeable. 

3. The particle of claim 1, wherein said crosslinked 
shell domain is hydrophilic and said interior core domain 

i s hydr ophobi c . 

4. The particle of claim 3, wherein said amphiphilic 
copolymers are crosslinked via functional groups within 
their hydrophilic domains. 

5. The particle of claim 3, wherein said hydrophobic 
interior core domain is also crosslinked. 

6. The particle of claim 5, wherein said amphiphilic 
copolymers are crosslinked via functional groups within 
their hydrophobic domains. 

7. The particle of claim 1, wherein said crosslinked 
shell domain is hydrophobic and said interior core domain 

i s hydr ophi lie. 

8. The particle of claim 7 , wherein said amphiphilic 
copolymers are crosslinked via functional groups within 
their hydrophobic domains . 

9. The particle of claim 7, wherein said hydrophilic 
interior core domain is also crosslinked. 

10. The particle of claim 9, wherein said 
amphiphilic copolymers are crosslinked via functional 
groups within their hydrophilic domains. 
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0 



0 



11. The particle of claim 1, wherein said 
amphiphilic copolymers are selected from the group 
consisting of amphiphilic diblock copolymers, amphiphilic 
triblock copolymers, amphiphilic multiblock copolymers, 
and amphiphilic graft copolymers. 

12. The particle of claim 1, wherein the copolymer 
blocks comprising said crosslinked shell domain are 
crosslinked by condensation reactions, chain 
polymerization reactions, or addition reactions. 



13. The particle of claim 12, wherein the copolymer 
blocks comprising said crosslinked shell domain are 

5 crosslinked using a titrimetric crosslinking reagent. 

14. The particle of claim 1, wherein the degree of 
crosslinking in said crosslinked shell domain is in the 
range of from about 0.1% to about 100%. 



15. The particle of claim 1, wherein said particle 
has an average molecular weight in the range of from about 
10,000 to about 5,000,000. 

16. The particle of claim 1, wherein said 
crosslinked shell domain per se has a net neutral, 
positive, or negative charge. 

17. The particle of claim 1, wherein said interior 
core domain per se has a net neutral, positive, or 
negative charge. 

18. The particle of claim 1, further comprising a 
pharmaceutical^ active agent. 

19. A composition, comprising a particle comprising 
amphiphilic copolymers, wherein said particle has a 
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crosslinked shell domain and an interior core domain. 



20. A pharmaceutical composition, comprising a 
particle comprising amphiphilic copolymers, wherein said 

5 particle has a crosslinked shell domain and an interior 

core domain, or 

a pharmaceutically acceptable salt thereof, and 

a pharmaceutically acceptable carrier, excipient, or 

diluent . 

10 

21. The pharmaceutical composition of claim 20, 
wherein said crosslinked shell domain is permeable. 

22. A pharmaceutical composition, comprising a 

15 particle comprising amphiphilic copolymers, wherein said 
particle has a crosslinked shell domain and an interior 
core domain, or 

a pharmaceutically acceptable salt thereof; 
a pharmaceutically active agent; and 
20 a pharmaceutically acceptable carrier, excipient, or 

diluent . 



23. The pharmaceutical composition of claim 22, 
wherein said pharmaceutically active agent is present in 

25 or on said particle. 

24. A method of producing a particle comprising 
amphiphilic copolymers, having a crosslinked shell domain 
and an interior core domain, comprising: 

30 (a) providing a plurality of amphiphilic copolymers 

comprising reactive functionalities ; 

(b) organizing said amphiphilic copolymers to 
produce a micellar assembly comprising peripheral blocks 
and interior blocks of said amphiphilic copolymers; and 

35 (c) intramicellarly crosslinking said peripheral 

blocks of said amphiphilic copolymers of said micellar 
assembly to produce a particle comprising amphiphilic 
copolymers, having a crosslinked shell domain and an 
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interior core domain. 



25. The method of claim 24, wherein said organizing 
of step (b) is performed by placing said amphiphilic 
5 copolymers at an appropriate concentration in a solvent 
system effective in orienting said amphiphilic copolymers 
into micelles. 



10 



15 



20 



26. The method of claim 25, wherein said appropriate 
concentration of said amphiphilic copolymers is in the 
range of from about 0.001 mg/mL to about 10 mg/mL. 

27. The method of claim 25, wherein said solvent 
system predominantly comprises a hydrophilic solvent. 

28. The method of claim 27, wherein said crosslinked 
shell domain is hydrophilic. 

29. The method of claim 25, wherein said solvent 
system predominantly comprises a hydrophobic solvent. 

30. The method of claim 29, wherein said crosslinked 
shell domain is hydrophobic. 

25 31 • The method of claim 24, wherein said 

crosslinking of step (c) is performed using a titrimetric 
crosslinking reagent. 

32. A method of delivering a pharmaceutical^ active 
0 agent to a cell, tissue, or organ, comprising: 

contacting said cell, tissue, or organ with an effective 
amount of particles comprising amphiphilic copolymers, 

wherein said particles have a crosslinked shell 
domain and an interior core domain, and 

5 wherein said particles comprise said pharmaceutical ly 

active agent, 

for a period of time sufficient to release a 
therapeutically effective amount of said pharmaceutical^ 
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active agent to the locus of said cell, tissue, or organ, 



33. The method of claim 32, wherein said 

5 pharmaceutical ly active agent is present within said 
crosslinked shell domain of said particles. 

34. The method of claim 32, wherein said 
pharmaceutical ly active agent is present within said 

10 interior core domain of said particles. 

35. The method of claim 32, wherein said 
pharmaceutically active agent is present within both said 
crosslinked shell domain and said interior core domain of 

15 said particles. 

36. The method of claim 32, comprising contacting 
said cell, tissue, or organ in vitro with said effective 
amount of said particles. 

20 

37. The method of claim 32, comprising contacting 
said cell, tissue, or organ in vivo with said effective 
amount of said particles. 

25 
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-OB- 
06-06- 

-05- 
-11- 



ZD- 
03- 
27- 



-74 
-75 
-74 
-74 
-74 
-74 
-74 
-79 
-80 
-76 
-74 
-78 
-76 
-74 
-74 
-76 
-77 
-74 



US A 5384333 



24-01-95 



AU Al 81544/94 

EP Al 717999 

CA AA 2138474 

AU B2 677115 



11- 
10 



-07- 
-06- 
-06- 
-04- 



96 
-96 
•96 
•97 



EP Al 577215 



05-01-94 



AU 
AU 
CA 
CN 
CZ 
FX 
FI 
HU 
HU 
IL 
JP 
MX 
NO 



Al 
B2 
A A 
A 

A3 
AO 
A 

AO 
A2 
AO 
A2 
Al 
AO 



41560/93 
675432 
2098242 
1084391 
9301316 
933 040 
933040 
9301917 
64832 
106198 
7165562 
9303950 
932403 



06- 
06- 
02- 
30- 
16- 
0 1 - 
02- 
28- 
28- 
20- 

3l" 
0 1 ■• 



01- 
•02- 
01- 

02- 
•07- 
01- 
-09 
•03- 
-10- 
•06- 
-01- 
•07- 



-94 

-97 
-94 
-94 
-94 
-93 
-94 
-93 
-94 
-93 
-95 
-94 
-93 



EP A2 

JP~A2~ 
EP A3~ 



552802 
"32093(5" 



28-07-93 

20-07-93 
26-09-90 



NO A 932403 

NZ A 248042 

SK A3 681/93 

US A 5399363 

US A 5494683 

AU Al 10145/92 

AU Al 10147/92 

AU B2 642066 

AU B2 654836 

EP A2 498482 

El-' A2 499299 

EP A3 498432 

EP A3 499299 

PI AO 920321 

FI AO 920322 

FX A 920321 

FI A 920322 

HU AO 9200226 

HU AO 9200227 

HU A2 60635 

HU A2 62462 

HU B 208497 

IL Ac.) 100754 

If- 3? 100755 

IL Al 100755 

IL Al 100754 

JP A2 4295420 

JP A2 4317053 

MX Al 9200291 

MX Al 9200292 

MX Al 9200291 

MX Al 9200292 

NO AO 92033^ 

NO AO 920334 

MO A 920333 

NO A 920334 

NZ A 241361 

NZ A 241362 

RU CI 2066553 

RU LI 2074002 

US A 5145684 

US A 5318767 

US A 5451393 

US A 5552 160 

AT E 150297 

AU Al 43964/93 

AU B2 677783 

DE CO 69309056 

DE 12 69309056 

EP Al 644755 

EP Bl 644755 

ES T3 2101323 

HU AO 94C3543 

HU A2 70952 

JP T2 8501073 

MX Al 9303452 

WO Al 9325190 



CA 
EP 
JP 
US 



AA 

A3 
A2 
A 



2087125 
552B02 
5295120 
5429826 



03-01-94 

26- 10-94 

02- 02-94 
21-03-95 

27- 02-96 
30-07-92 
30-07-92 

07- 10-93 
24-1 1-94 
12-0S--92 

19- 08-92 

03- 03-93 
03-03-93 
24-01-92 
24-01-92 
26-07-92 

26- 07-92 

28- 04-92 
28-04-92 
28-10-72 

28- 05-9^ 

29- 1 1-93 
06-09-92 

06- 09-92 

08- 12-95 
16-10-96 

20- 10-92 

09- 1 1-92 
23-11-92 

23- 11-92 
2 1 — i o_.c?'? 

21- 12-92 

24- 01-92 

24- 01-92 

27- 07-92 
27-07-92 

25- 06-93 
25-06-93 
20-09-96 

27- 02-97 
08-09-92 

07- 06-94 
19-09-95 

03— 09-96 
15-04-97 

04- 01-94 

08- 05-97 
24-04-97 

18- 09-97 
29-03-95 

19- 03-97 

01- 07-97 

28- 02-95 
28-1 1-95 
06-02-96 
31-01-94 

2- 7 >— 1 2— 9~ ! ^ 



24- 
01- 
09- 
04- 



•07 
•09 
11 
•07 



-93 



-95 



keine? 



none — rien 



DE 
DE 
EP 
EP 
JP 
JP 
US 



Al 
CO 
A2 
Bl 
A2 
B4 
A 



3743142 
3880989 
320930 
320930 
12D131 1 
61O4706 
5187233 



17- 
21- 
12- 
14- 
21- 
16- 



•06- 
-06- 
•06- 
■05- 
•08- 
•12- 
02- 



•89 
■93 
89 
•93 
•89 
•94 
•93 



